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ABSTRACT 
 
 The increased demand for wood products related to industries such as 
bioenergy and paper has resulted in a need for a consistent supply of raw 
materials. Eucalyptus (Eucalyptus spp.) plantations have the potential to boost 
wood production for pulpwood and biomass feedstocks. Species characteristics 
such as rapid, indeterminate growth, coppice regrowth, resistance to disease and 
insects, and tolerance of a range of environmental conditions make these 
species successful short-rotation woody crops (SRWCs).  Camden white gum 
(Eucalyptus benthamii), a more cold tolerant species, has made management of 
eucalyptus plantations viable in southern portions of the United States such as 
the Western Gulf Coastal Plain. However, few data exist to determine biodiversity 
impacts of plantation conversion from pines (Pinus spp.) to eucalyptus. Rather, 
most literature compares biodiversity between native forests to non-native 
plantations in various parts of the world. To make a preliminary assessment of 
biological impacts from conversion of native plantations to eucalyptus 
plantations, I determined arthropod abundance, family richness, and diversity as 
an indicator of prey availability for breeding birds in eucalyptus plantations. I 
compared these results to slash pine (Pinus elliottii) plantations of similar age 
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and also of similar height in southwestern Louisiana during bird breeding 
seasons of 2014 and 2015. I also compared avian diversity, occupancy, density, 
and community composition among stand types. Finally, I identified landscape 
and stand-level factors that affect occupancy by various avian species of 
conservation concern.  
 Eucalyptus plantations had similar arthropod richness and diversity to pine 
stands of both ages. Arboreal arthropod abundance was less in eucalyptus 
plantations and this may be attributed to their being an exotic species. However, 
arboreal arthropods were a minor component of overall arthropod communities 
across all stand types. Understory vegetation diversity and structure in 
eucalyptus stands were similar to younger pine plantations and may be the major 
factor influencing arthropod availability in all stand types. Contrary to arthropod 
occurrence, bird species occurrence and communities were more similar 
between eucalyptus plantations and mid-rotation pine plantations of similar 
height. However, these stands were still able to retain species and communities 
associated with early successional pine habitat, thus suggesting avian 
communities in young eucalyptus plantations were intermediate between the 
communities in 1-2-year-old and 6-7 year old pines. Future implications of 
conversion to these plantation types may include reduced arthropod abundance 
with stand age and reduced grassland-associated and cavity-nesting birds. 
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CHAPTER I: INTRODUCTION 
 
Wood and wood products, including books, paper, cardboard, furniture, 
flooring, building materials, decorative items, and biofuel are important to today’s 
society and economy (Elias et al. 2012). Although overall wood production in the 
Southeast has been stable or increasing, seasonal or climatic variation can 
create limitations on availability of raw materials.  For example, mills that rely on 
hardwood timber can have difficulty acquiring raw material during wet conditions 
due to operational constraints and soil and water quality protection (Blazier et al. 
2012, Vance et al. 2014). To provide these raw materials on a more consistent 
basis, wood products industries have been developing new woody crops to 
increase the resource bases for wood products and for production of bioenergy 
since the early 1970’s (Baum et al. 2009).  
One potential solution to these issues has been the development of short-
rotation woody crops (SRWCs; Baum et al. 2009). SRWCs consist of fast-
growing tree species that have higher wood productivity and biomass yields than 
more traditional biomass-producing trees, and thus, are harvested at shorter 
intervals than conventionally cultivated trees (Christian et al. 1997, Baum et al. 
2009, Zalesny et al. 2011, Vance et al. 2014). SRWCs are ideal for renewable 
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biomass production of materials for fiber, biofuels, bioenergy, and other products 
(Baum et al. 2009, Zalesny et al. 2011, Blazier et al. 2012). They may also be 
strategically placed to occupy sites in close proximity to processing mills so that 
fiber can be supplied when sensitive sites such as bottomland forests cannot be 
accessed by heavy machinery.  Thus, plantations composed of SRWCs may 
potentially be both economically and environmentally beneficial (Vance et al. 
2014). Typical tree species that have been used in SRWC plantations in the 
United States include poplars and cottonwoods (Populus spp.), willows (Salix 
spp.), loblolly pine (Pinus taeda), and, more recently, eucalyptus (Eucalyptus 
spp.; Baum et al. 2009, Zalesny et al. 2011, Vance et al. 2014).  
Eucalyptus species such as Tasmanian blue gum (E. globulus), rose gum 
(E. grandis), shining gum (E. nitens), and river red gum (E. camaldulensis) have 
become the most widely-planted and most valuable hardwood species in the 
world (Rockwood et al. 2008, Calviño-Cancela et al. 2012). Eucalypts are 
successful as SRWCs due to their rapid and indeterminate growth, coppice 
growth ability, resistance to disease and insects, and tolerance of a wide range of 
environmental conditions (Rockwood et al. 2008, Zalesny et al. 2011, Blazier et 
al. 2012, Calviño-Cancela et al. 2012).  Eucalyptus species exhibit exceptionally 
fast growth, producing 49 dry tons per hectare per year compared to 20 tons per 
hectare per year for loblolly pine (Blazier et al. 2012).  Consequently, the average 
cutting age of eucalyptus for pulp stock use may be 10-12 years (Pina 1989), 
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whereas intensively managed pine plantations are often harvested on 20-30 year 
rotations (Burke et al. 2008, Jones et al. 2009). However, despite their resistance 
to some harsh conditions, eucalypts generally have been limited to tropical and 
warmer temperate regions due to their lack of cold tolerance (Zalesny et al. 2011, 
Blazier et al. 2012). More recently, cold-tolerant species such as Camden white 
gum (Eucalyptus benthamii) have become more widely available. From 2008 
through 2016, the Western Gulf region of the United States has been 
experiencing an increase in extent of cold-tolerant eucalyptus species for 
pulpwood feedstock. As of January 2010, there were approximately 1,214 ha of 
eucalyptus plantations throughout southwestern Louisiana and southeastern 
Texas and plantations are expected to continue expanding (Blazier et al. 2012). 
However, potential effects of these plantations on native flora and fauna are not 
well understood.  
In eucalyptus plantations, avian species diversity has been found to be 
lower compared to native pine plantations in Portugal (Pina 1989, Proença et al. 
2010) and Spain (Calviño-Cancela 2013); native oak forests in Spain (de la Hera 
et al. 2013), Brazil (Marsden et al. 2001), and California (Cal-IPC 2015); and 
home gardens, reservoirs, wetlands, and tea plantations of Sri Lanka (Kottawa-
Arachchi and Gamage 2015). Depauperate avian richness in eucalyptus 
plantations has been attributed to shorter rotation periods and lower prey 
availability (Proença et al. 2010, Calviño-Cancela et al. 2012). For instance, other 
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studies have shown oils from eucalyptus foliage retard nearby vegetation and 
mycelial growth, control nematodes, and inhibit fungal spores from germinating 
(Batish et al. 2008) which may negatively affect insect prey bases for birds. 
Degraded site conditions created by intensive land management and 
displacement of native species are other negative effects of exotic species 
monocultures (Lugo 1997). Although about 50,000 hectares of eucalyptus are 
planted in California, Hawaii, and Florida (Zalesney et al. 2011), the majority of 
studies assessing effects of eucalyptus plantations on wildlife have been outside 
North America. 
To date, there have been few studies in the United States focusing on 
wildlife and SRWCs, and even fewer have included eucalyptus (Brennan et al. 
2001, Millar et al. 2003, Riffel et al. 2011). Therefore, the implications of 
increased amounts of eucalyptus in the southeastern USA for native wildlife are 
largely unknown.  As a result, the National Council for Air and Stream 
Improvement, Inc., WestRock (previously MeadWestvaco), International Paper, 
Louisiana State University (LSU), and Stephen F. Austin State University 
(SFASU) have partnered to compare floral and faunal diversity in eucalyptus 
plantations and previous land uses in the region. Study sites were located 
between the cities of Merryville and Singer in Beauregard Parish, Louisiana, on 
land owned by Rice Land and Lumber Company and used for slash pine (Pinus 
elliotti) production or leased by WestRock for eucalyptus production.  
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These studies began in Camden white gum plantations that were 
established in 2013 as experimental stands. Slash pine stands of two different 
ages were used as reference stands for comparison purposes. Slash pine stands 
planted in 2013 served as references of similar age and slash pine stands 
planted in 2008 served as references of similar height to eucalyptus plantations. I 
assessed arthropod abundance, family richness, and diversity as an indicator of 
prey availability for breeding birds. I also investigated the effect of eucalyptus 
establishment on bird diversity by assessing breeding bird abundance, diversity, 
and community composition in the same plantations and reference stands.  
In Chapter II, I examined terrestrial and arboreal arthropod diversity, 
richness, and abundance in Camden white gum and slash pine plantations of 
similar age and height during summers 2014 and 2015. Arthropods were 
investigated in this study as an indicator of prey availability for breeding birds as 
previous literature suggests lower bird abundance and diversity in eucalyptus 
plantations are attributed to reduced food availability (Pina 1989, Proença et al. 
2010, de la Hera et al. 2013). I also investigated similarities among Camden 
white gum arthropod assemblages and those of slash pine plantations.  
In Chapter III, I determined avian species diversity, richness, density, and 
occupancy during in Camden white gum stands and slash pine plantations of 
similar age and height during summers 2014 and 2015. Birds exhibit 
characteristics that make them suitable as ecological and biodiversity indicators 
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because they are comprised of a large, diverse group, occupy numerous 
ecological niches, often have specific and well-documented habitat requirements, 
and respond quickly to vegetation change (Robbins 1979, Dickson et al. 1993, 
Canterbury et al. 2000). I also identified various stand and landscape factors 
(e.g. vegetation characteristics, stand size, and availability of arthropod prey) that 
may influence occurrence of avian species of conservation concern. Additionally, 
I compared avian community composition among stand types to evaluate a 
collective response by birds to eucalyptus conversion. Together, results from 
Chapters II and III serve as a preliminary assessment of how eucalyptus 
plantations in the Western Coastal Plain may affect breeding season avifauna 
abundance and diversity. 
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CHAPTER II 
 
ARTHROPOD AVAILABILITY AND DIVERSITY DURING AVIAN BREEDING 
SEASON IN CAMDEN WHITE GUM AND SLASH PINE PLANTATIONS  
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ABSTRACT 
 
Eucalyptus (Eucalyptus spp.) plantations have the potential to boost 
availability of small-diameter hardwoods for traditional wood products and 
bioenergy feedstocks. Camden white gum (Eucalyptus benthamii) is currently 
being grown in southwestern Louisiana and southeastern Texas, and the future 
extent of plantings could increase in the future. However, responses of wildlife  to 
eucalyptus plantations in the southeastern USA has not been investigated. In this 
study, I compared arthropod abundance, biomass, family richness, and diversity 
between newly established Camden white gum plantations and slash pine (Pinus 
elliottii) plantations of similar age (1-2 years old) and height (6-7 years old). 
Eucalyptus stands had similar arthropod richness, diversity, and abundance as 
pine stands of both ages. By far the greatest portion of biomass and abundance 
was in terrestrial arthropods, suggesting that understory vegetation composition 
and structure was important in determining overall arthropod abundance. 
Terrestrial arthropod abundance decreased 78% from 2014 to 2015, largely 
reflecting extensive rain and localized flooding during spring and early-summer 
2015. Land conversion from traditional commercial wood production to 
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eucalyptus did not appear to reduce arthropod abundance or diversity, 
suggesting that insectivorous wildlife like breeding birds may be able to feed 
effectively within eucalyptus plantations.  
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INTRODUCTION 
 
In response to increased demands for wood products related to uses such 
as bioenergy, wood products industries have been developing new crops since 
the early 1970’s to provide raw materials on a more consistent basis and to 
increase their resource base (Baum et al. 2009). These include short-rotation 
woody crops (SRWCs), which are fast-growing tree species that have greater 
wood productivity and biomass yield potential than more traditional forest 
plantations (Baum et al. 2009, Zalesny et al. 2011, Vance et al. 2014). 
Additionally, some SRWCs can be grown on reduced land bases and in closer 
proximity to mills, and can provide raw materials at times when sensitive sites, 
such as bottomland hardwoods, cannot be accessed (Vance et al. 2014). To 
date, species that have been used as SRWCs in the United States include poplar 
and cottonwood (Populus spp.), willow (Salix spp.), and more recently, 
eucalyptus (Eucalyptus spp.; Baum et al. 2009, Zalesny et al. 2011, Vance et al. 
2014).  
Eucalyptus species are among the most widely-planted and most valuable 
hardwood species in the world (Rockwood et al. 2008, Calviño-Cancela et al. 
2012). They are successful as a SRWC due to their rapid and indeterminate 
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growth, ability to regrow via coppice, resistance to disease and insects, and 
tolerance of a wide range of soil conditions such as pH, fertility, and moisture 
(Rockwood et al. 2008, Zalesny et al. 2011, Blazier et al. 2012, Calviño-Cancela 
et al. 2012).  Their exceptionally fast growth affords production of up to 49 dry 
tons per hectare per year under proper management, which is double that 
obtainable by loblolly pine (Pinus taeda; Blazier et al. 2012). The average cutting 
age of eucalyptus for pulp stock use in Portugal during the 1980’s was 10-12 
years (Pina 1989), whereas intensively managed pine plantations often have a 
20-30 year rotation (Burke et al. 2008, Jones et al. 2009).  
Eucalypts are tropical species and have generally been limited to warmer 
temperate regions as many species are intolerant of frost and temperatures less 
than -2.8°C (Zalesny et al. 2011, Blazier et al. 2012). However, Camden white 
gum (Eucalyptus benthamii) is sufficiently tolerant of freezing temperatures to be 
planted on high elevation sites in southern Brazil (Zalesny et al. 2011). Because 
of its tolerance of colder temperatures, management of this species is viable in 
southern portions of the United States such as the Western Gulf Coastal Plain. 
As of January 2010, there were approximately 1,214 ha of eucalyptus plantations 
in southwestern Louisiana and southeastern Texas (Blazier et al. 2012).  
 Potential effects of eucalyptus plantations on native flora and fauna are not 
well understood. Eucalyptus species are sclerophylous plants that have 
secondary plant metabolic compounds which make them unpalatable to native 
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fauna in areas where they have been introduced (Calviño-Cancela 2013). Oils 
from eucalyptus foliage have been shown to slow growth of nearby vegetation, 
control nematodes, reduce mycelial growth, and inhibit spores’ ability to 
germinate (Batish et al. 2008).  In an understory diversity study by Calviño-
Cancela et al. (2012) in Spain, Tasmanian blue gum (E. globulus) leaves were 
only consumed by introduced arthropods from Australia such as eucalyptus 
snout beetles (Gonipterus scutellatus). Furthermore, introduced arthropods were 
not consumed by native insectivores.  
Wildlife-related studies of eucalyptus plantations are limited, but generally 
suggest reduced diversity of birds compared to native cover types, including pine 
plantations in Portugal (Pina 1989, Proença et al. 2010) and Spain (Calviño-
Cancela 2013), oak forests in Spain (de la Hera et al. 2013), Brazil (Marsden et 
al. 2001), and California (Cal-IPC 2015), and home gardens, reservoirs, 
wetlands, and tea plantations in Sri Lanka (Kottawa-Arachchi and Gamage 
2015). Furthermore, eucalyptus plantations in Portugal, Spain, and Tanzania 
supported a reduced arthropod community and less plant species diversity (Pina 
1989, de la Hera et al. 2013, Calviño-Cancela 2013). However, plant diversity in 
eucalyptus stands varied with conditions such as planting density, native seed 
bank composition, stand size, and adjacent vegetation diversity in California 
studies (Cal-IPC 2015). Arthropod diversity is correlated with understory plant 
diversity, and the arthropod community in single-species plantations may be 
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more dependent on understory plant community composition (Hanula et al. 2009, 
Burkhalter 2010). Because eucalypts grow more rapidly than endemic species, 
successional change is accelerated and understory growth may be lost more 
rapidly due to rapid canopy closure (Pina 1989).  
Arthropods account for over 60% of global biodiversity and fill a wide 
range of ecosystem niches (Isaacs et al. 2009, Higgens et al. 2014). Ground-
dwelling, or terrestrial, arthropods in particular are important for soil succession 
and development, and maintenance of soil structure, fertility, and nutrient cycling. 
They can also be indicators of environmental change because of their sensitivity 
to climate, fire, disturbance, and changes in soil composition and vegetation 
(Higgens et al. 2014). For example, diversity of arthropods has been found to 
increase with vertical structural complexity of vegetation and overall plant 
diversity (Humphrey et al. 1999, de Souza and Módena 2004, Lassau et al. 2005, 
Fargione et al. 2009).  
Arthropods are also a vital source of protein for birds during the periods of 
migration and breeding (Collins et al. 1990, Tallamy 2004, Losey and Vaughan 
2006, Gunnarsson 2007). Sixty-one percent of bird species in the United States 
are insectivorous and 96% of all terrestrial North American birds rear their young 
primarily on arthropod protein (Tallamy 2004, Losey and Vaughan 2006, 
Moorman et al. 2012, Ostrand and Bollinger 2012). Arthropod orders such as 
Araneae (spiders), Coleoptera (beetles), Lepidoptera (moths and butterflies), and 
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Orthoptera (crickets, grasshoppers, and katydids) have been reported as 
preferred prey items for many birds (Gunnarsson 2007, Burghardt et al. 2008, 
Champlain et al. 2009, Moorman et al. 2012, Ostrand and Bollinger 2012). Thus, 
understanding how insect prey bases respond to conversion of native cover 
types to eucalyptus plantations is important to determine possible negative 
impacts to insectivorous wildlife such as birds.  
In this study, I compared arthropod abundance, family richness, and 
diversity as an indicator of prey availability for breeding season birds in 
eucalyptus and slash pine (P. elliottii) plantations of the same age and height in 
southwestern Louisiana during the bird breeding seasons (April – June) of 2014 
and 2015 in order to assess potential changes from prevailing commercial land 
uses. I also ascertained how my results compared to previous studies of wildlife-
eucalyptus relationships and how they might affect breeding bird abundance and 
diversity. 
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METHODS 
 
Study Sites 
 
I conducted this study near the cities of Merryville and Singer in 
Beauregard Parish, Louisiana (Figure 2.1). This area is comprised of two major 
ecoregions: the Western Coastal Plain and the Western Gulf Coast Flatwoods. 
The Western Coastal Plain varies from gently sloping to moderately steep, and 
moderately drained to somewhat excessively drained loamy and sandy soils. The 
Western Gulf Coast Flatwoods varies from level to gently sloping, and poorly 
drained to moderately well drained loamy soils. Average temperatures range 
from 3.9°C in January to 33.3°C in July and annual precipitation is approximately 
149.4 centimeters. Terraces and uplands in this parish are generally dominated 
by pine and pine/hardwood mixed forest with small inclusions of pasture and 
cropland. Bottomland hardwood forests are supported by the floodplains of the 
Sabine and Whiskey Chitto Rivers, Bundick Creek, and various streams (Midkiff 
2002).  
Rice Land and Lumber Company (RLLC) purchased the land the study 
sites are located on in 1895. Historically, both loblolly and slash pine were 
harvested from the area. Since the 1970s, 99% of the RLLC-owned land has 
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been planted in slash pine with the remaining 1% planted in longleaf pine (Pinus 
palustris) to maximize timber production and income. Timber is grown on a 50-58 
year rotation, and parcels are also leased for hunting. WestRock Company has 
obtained short-term leases contracted with RLLC to produce eucalyptus biomass 
for the Packaging Corporation of America mill in DeRidder, Louisiana and 
hardwood pulp for the mill in Evadale, Texas (S. Coleman, Larson & McGowin 
Inc., personal communication).  
 All candidate stands were outlined in GIS shapefiles by WestRock. I used 
ArcMap 10.1 (ESRI, Inc., Redlands, CA) to select stands that could contain a 500 
meter transect line while maintaining a minimum distance of 50 meters from 
stand edges. I avoided edges to gain a representative sample of arthropods 
found within each stand and selected the transect length to collect samples from 
a representative area of the stands. I selected five Camden white gum 
(Eucalyptus benthamii) plantations that were established in 2013 as experimental 
stands (henceforth E13; stands E13(6), E13(8), E13(9), E13(10), and E13(11); 
Figures 2.2-2.6). Five slash pine stands planted in 2013 served as similar-age 
reference stands (henceforth S13; stands S13(2), S13(6), S13(9), S13(17), and 
S13(26);  Figures 2.7-2.11) and five slash pine stands planted in 2008 
(henceforth S08; stands S08(1), S08(3), S08(17), S08(32), and S08(36); Figures 
2.12-2.16) served as similar-height reference stands.  Stands chosen for this 
study ranged in size from 17-74 ha with sizes averaging to 38.1 for S08 stands, 
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33.4 for S13 stands, and 38.7 for E13 stands. No study stands experienced 
active management (e.g., thinning or prescribed burning) during the study or 
between study seasons; however, various silvicultural activities occurred on 
adjacent stands during and between study seasons. 
 
Arthropod Sampling 
 
I sampled arthropods using two techniques, pitfall traps for terrestrial 
species and insecticide knockdown for arboreal species, because single 
sampling techniques could have been biased towards certain invertebrate fauna 
(Majer and Recher 1988, Cooper and Whitmore 1990, Lassau et al. 2005). 
These techniques also reflect variations in feeding habits among breeding birds 
as some feed near the ground and others are primarily arboreal feeders. I 
collected arthropod samples from 25 April - 26 May 2014 and 28 April - 10 June 
2015.  
Terrestrial Arthropod Collection 
Pitfall traps are designed to capture surface-dwelling arthropods (Cooper 
and Whitmore 1990) and are reliable for determining differences in relative 
abundance of arthropod groups over time and across conditions (Ober and 
DeGroote 2011). Each pitfall trap consisted of two 0.47 liter plastic cups placed 
together in a hole in the soil deep enough so the rim of the upper cup was flush 
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with the soil surface (Cooper and Whitmore 1990, Hansen and New 2005, Ober 
and DeGroote 2011) and subsequently filled half-full with soapy water. A small 
slit was cut into the bottom of the top cup to drain water from the traps at time of 
removal. I placed pitfalls in sets of 5 in an ‘X’ shape at the beginning of each 
transect and at 125-meter intervals for a total of 25 pitfalls per stand. Traps were 
allowed to sit undisturbed for 5 days. At time of removal, I drained water from the 
top cup, removed arthropods and placed them in labeled collection jars. I used 
isopropyl alcohol for preservation in collection jars until arthropods were identified 
in the lab (Schauff 1986, National Park Service 1999, Hansen and New 2005).  
Arboreal Arthropod Collection  
Insecticide knockdown arthropod surveys are designed to collect foliage-
dwelling arthropods. This method of arthropod collection is less biased than other 
methods such as vacuum sampling and suction traps (Cooper and Whitmore 
1990). I performed knockdown surveys following Majer and Recher (1988) using 
a Black Flag 190095 propane insect fogger and fogging insecticide. Surveys 
using this method were not performed during windy or wet conditions. I randomly 
selected one tree of the primary species (i.e., Camden white gum or slash pine) 
at the beginning of each transect and then at 125-meter intervals for a total of 5 
trees per stand. To minimize potential interference between survey types, I 
selected trees that were a minimum of 5 m on the opposite side of the transect 
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line from any pitfall traps. I also avoided using trees that were not representative 
of the stand (e.g., in size and configuration).  
I placed white cotton sheets beneath selected trees and their branch drip 
lines. Each sample tree was treated with insecticide for 3 continuous minutes. 
Larger trees found in eucalyptus plantations and 2008-established pine 
plantations were left undisturbed for an average of 20 minutes after insecticide 
application whereas younger, smaller trees found in the 2013-established pine 
plantations were left undisturbed for an average of 10 minutes while the 
insecticide penetrated the leaves and bark of the trees. After the allotted time, 
each tree was shaken vigorously to dislodge any arthropods still attached to the 
tree. I searched sheets for arthropods and placed them in labeled collection jars 
with isopropyl alcohol as a preservative (Schauff 1986, National Park Service 
1999, Hansen and New 2005).  
In the lab, I rinsed arthropod specimens with isopropyl alcohol as needed 
to remove debris from pitfall traps and allowed them to air dry prior to 
identification. I used a dissecting microscope to aid in identification and I 
identified all arthropods to family (when possible) using various field guides and 
reference books and recorded each specimen’s taxonomic designation (Drees 
and Jackman 1998, Marshall 2006, Evans 2008). In 2015, I air dried samples 
and measured biomass to the nearest 0.01 g using a balance.  
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Data Analysis 
 
I determined yearly and overall family richness by combining counts from 
both collection methods. I also calculated yearly and overall family diversity (D; 
Jost 2006) using these combined data. Because Shapiro-Wilk tests confirmed 
normality and residuals indicated homogeneous variances (Zar 2010); I used 2-
way analysis of variance (ANOVA) to examine differences among stand types 
and between years for both family richness and diversity. Tukey’s HSD post hoc 
test was used to identify differences and magnitude of differences among stand 
types and years when ANOVA P<0.05. These tests were used for their good 
power and tight control of Type I error rate (Field 2013). In 2015, I also compared 
terrestrial arthropod biomass among stand types using 1-way ANOVA and Tukey 
post hoc tests (α=0.05). Due to data variance heterogeneity and lack of residual 
normality, I compared arboreal arthropod biomass among stand types and 
between years using a Dunn’s test with package dunn.test in R (Dinno 2016). I 
used Benjamini-Hochberg P-value adjustment for its ability to control for false 
detection rate (Dinno 2015).  
Arthropods that were not identified to family were included in total 
arthropod analyses (e.g., abundance and biomass calculations) but were 
excluded from family richness and diversity analyses.  I examined differences in 
terrestrial and arboreal arthropod abundance among stand types and between 
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years separately. I used 2-way ANOVA and Tukey’s HSD post hoc tests to 
examine terrestrial arthropod count data (α=0.05). Due to low count rates and 
lack of normality in arboreal arthropod abundances, I used Dunn’s test with 
Benjamini-Hochberg P-value adjustments to compare arboreal arthropod 
abundance among stand types (Dinno 2016). I used R 3.0.2 statistical software 
for all analyses (R Core Team 2013).  
Lastly, I further examined stand-type similarities in arthropod communities 
using correspondence analysis (CA) ordination with program PAST 3.12 
(Hammer et al. 2001, Van Bael et al. 2013). I used CA ordination for its ability to 
compare associations of counted data. The CA routine finds eigenvalues and 
eigenvectors of the matrices containing chi-squared distances between all 
variables using the SVD algorithm. These distances are then placed in scatter 
plots to represent distance of similarity (the farther away one stand type is placed 
from another, the more dissimilar they are; Hammer et al. 2001). For this 
ordination, I used total number of arthropods collected for each family per stand 
and plotted stands in the scatter plots to investigate overall stand type similarity 
and any trends that may have occurred between study years. 
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RESULTS 
 
I collected a total of 1,952 arthropods in 2014 and 487 in 2015 
encompassing 5 classes, 25 orders, and 127 families (Appendix I). Only 6% of all 
arthropods collected were not identified to family. Family richness was similar 
among stand types (F=1.474, P=0.249), but differed between years (F=32.799, 
P<0.001) with no year*stand type interaction (F=0.171, P=0.844). Each stand 
decreased in family richness during the second year (Table 2.1). Family diversity 
was also similar among stand types (F=1.664, P=0.130) and it did not differ 
between years (F=1.581, P=0.316) with no year*stand type interaction (F=0.907, 
P=0.555; Table 2.2).  
Terrestrial Arthropods 
Terrestrial arthropods were the most abundant arthropod type collected 
during both years. In 2014, 1,795 terrestrial arthropods were collected via pitfall 
traps accounting for 92% of total arthropods collected that year. In 2015, 388 
terrestrial arthropods were collected and accounted for 53% of total arthropods 
collected and 99% of total biomass collected for that year. Biomass of terrestrial 
arthropods collected in 2015 was similar among stand types (F=1.323, P=0.303; 
Figure 2.17). Overall, terrestrial arthropod abundances were similar among stand 
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types (F=0.465, P=0.634), greater in 2014 (F=91.71, P<0.001), and had no 
year*stand type interaction  (F=0.170, P=0.844; Table 2.3). Terrestrial arthropod 
abundance decreased 78% from 2014 to 2015. With years pooled, CA ordination 
indicated more similarity in the arthropod community between E13 and S13 
stands than between E13 and S08 stands (Figure 2.18). When years were 
examined separately, the pattern in CA ordination shifted such that E13 stands 
were more similar to S13 stands in 2014 and more similar to S08 stands in 2015 
(Figure 2.19).   
In 2014, I identified 17 orders and 88 families of terrestrial arthropods. In 
2015, collections decreased to 15 orders and 56 families. Insecta was the 
dominant class collected in pitfall traps, making up 63% and 66% of collections in 
2014 and 2015, respectively. In both years, the top 3 insect orders were ants 
(Hymenoptera), grasshoppers and crickets (Orthoptera), and beetles 
(Coleoptera). Ants were the most dominant terrestrial insects collected in 2014 
while grasshoppers and crickets were the most dominant terrestrial insects 
collected in 2015. Abundance of Hymenopterids differed among stand types 
(F=4.84, P=0.017) with greater numbers in S13 stands than in S08 stands 
(P=0.0134). Abundance of the other insect orders did not differ among stand 
types (Coleoptera: F=2.73, P=0.086; Orthoptera: F=0.556, P=0.581), but they 
were greater in 2014 than in 2015 (all P≤0.03; Table 2.4).    
 27 
 
Arachnida was the second most dominant class of terrestrial arthropods 
collected. Spiders (Araneae) were the dominant order for both years’ collections 
making up 96% and 94% of arachnid collections in 2014 and 2015, respectively. 
Three other orders, harvestmen (Opiliones), scorpions (Scorpiones), and mites 
(Trombidiformes), were collected from Arachnida, with mites only being collected 
in 2014. Wolf spiders (Lycosidae) were the dominant Arachnid family for both 
years. Arachnid abundances were similar among stand types (F=1.191, 
P=0.321), but differed between years with the greatest numbers occurring in 
2014 (F=62.782, P<0.001; Table 2.4). 
Arboreal Arthropods 
Arboreal arthropods were the least abundant type collected during both 
years. In 2014, 157 arboreal arthropods were collected via insecticide 
knockdown, accounting for 8% of the total arthropods collected that year. 
However, in 2015, 298 arboreal arthropods were collected, accounting for 43% of 
total arthropods. Biomass of arboreal arthropods was considerably lower than 
that of terrestrial arthropods and only accounted for 1% of total arthropod 
biomass in 2015. Arboreal biomass did not differ among stand types (χ2=0.553, 
P=0.76; Figure 2.20). However, abundance of arboreal arthropods differed 
among stand types (χ2=8.031, P=0.02) with E13 stands having lower 
abundances than both S13 (P=0.037) and S08 (P=0.013) stands. Abundance of 
arboreal arthropods were similar between years (χ2=0.341, P=0.560; Table 2.5). 
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Ordination revealed more similarity in arthropod communities between E13 and 
S13 stands than between E13 and S08 stands (Figure 2.21).  
Insecta and Arachnida were the only classes collected by this sampling 
method. For both years, insects were the dominant class. In 2014, true bugs 
(Hemiptera) were the dominant order and aphids (Aphididae) were the prevailing 
family, representing 98% of all Hempiterids collected in 2014. In 2015, 
Hymenoptera was the dominant order and ants (Formicidae) were the prevailing 
family, representing 94% of all Hymenopterids collected in 2015. Spiders 
(Araneae), beetles (Coleoptera), flies (Diptera), true bugs (Hemiptera), and ants 
(Hymenoptera) were the most abundant orders collected via insecticide 
knockdown. None of these orders differed among stand types (χ2=1.754, 1.760, 
3.50, 4.460, and 3.473, respectively; P≥0.11) or between years (χ2=0.011, 0.002, 
0.042, 2.63, and 0.8824, respectively, P≥0.1; Table 2.6).  
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DISCUSSION 
 
Approximately 37% of all animal species are insects that eat green plants 
(Tallamy 2004). These phytophagous species are essential to the diets of 
predatory and parasitic insects as well as numerous species of vertebrates 
including reptiles, amphibians, birds and mammals (Tallamy 2004, Losey and 
Vaughan 2006, Gunnarsson 2007).  Furthermore, arthropods provide valuable 
ecosystem services such as pollination and pest control (Isaacs et al. 2009). 
Physical and chemical defenses developed by plants are typically circumvented 
only when herbivores develop specialized adaptations; at least 90% of 
phytophagous insects are specialists that have evolved with one or a few plant 
lineages (Bernays and Graham 1988, Tallamy 2004, Berghardt et al. 2008). 
These adaptations decrease an insects’ ability to eat other plants that differ in 
phenology, chemistry, or physical structure (Tallamy 2004, Berghardt et al. 
2008). Therefore, landscapes that are dominated by non-native plants may be 
unlikely to support the same diversity of arthropods as native landscapes 
(Burghardt et al. 2008). It follows then that if insects are compromised, so too are 
the higher trophic populations of insectivores that rely on them for food 
(Burghardt et al. 2008, Tallamy and Shropshire 2009). 
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Previous studies of eucalyptus plantations have suggested lower avifauna 
abundance and diversity in eucalyptus plantations could be attributed to 
eucalyptus trees supporting depauperate insect communities (Pina 1989), 
providing reduced food sources compared to pine forests (Proença et al. 2010) 
and having lower caterpillar abundance than native oaks (de la Hera et al. 2013). 
In North America, the majority of the insects associated with eucalyptus are 
those that have also been introduced to California, Florida, and Hawaii. It has 
been speculated that native insect herbivores may be slower to convert to 
feeding on eucalyptus in the United States due to lower diversity of native plants 
in the family Myrtaceae (Paine et al. 2011). 
However, I found no evidence of overall reduced arthropod occurrence, 
richness, diversity, or biomass in eucalyptus plantations compared to slash pine 
plantations of similar age and height. These similarities may be attributed to 
comparable proximate landscape variables. Landscape variables such as 
complexity, quality, and patchiness may impact the ability of a landscape to 
support arthropods (Lassau et al. 2005, Isaacs 2009). For example, arthropod 
levels in agricultural landscapes increase as habitat heterogeneity increases 
(Isaacs et al. 2009). The surrounding landscape may also provide a potential 
pool of arthropods for recolonization (Isaacs et al. 2009) and can explain some of 
the similarities among stand types in my study since all of the E13 study sites 
were adjacent to slash pine stands. 
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Habitat structure may also influence the abundance, diversity, and size 
distribution of arthropods (de Souza and Módena 2004). Most previous 
eucalyptus studies have compared these plantations to woodlands not used for 
commercial timber production, thus comparing structurally and species disparate 
vegetation communities (John and Kabigumila 2007, Proenca 2010, de la Hera 
et al. 2013). Stand features such as herbaceous plants, shrubs, and vines 
occurred in all stand types and may explain why my results do not reflect those of 
previous non-native eucalyptus arthropod studies.  Earlier studies did not 
comment on the intensity of plantation management or competition control, which 
influence the presence of non-target vegetation; however, both John and 
Kabigumila (2007) and Calviño-Cancela et al. (2012) noted less understory 
diversity in eucalyptus plantations than native forests suggesting this contributed 
to a lack of arthropods and bird diversity. Furthermore, Calviño-Cancela et al. 
(2012) found young and intermediate aged eucalyptus plantations in Spain had 
similar understory plant composition to native shrublands and that understories in 
mature plantations were similar to those in maritime pine (Pinus pinaster) stands.  
Arthropod communities in eucalyptus and pine plantations of southwestern 
Louisiana may be similar due to comparable understory vegetation diversity. 
Preliminary results of a vegetation sister-study on the same study sites confirm 
similar understory vegetation in similar-aged stands (De Stefano, unpublished 
data). The lack of differences in arthropod communities may be further attributed 
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to the pulse of important food plants that will follow 1-2 years after mechanical 
and chemical site preparation (Felix 1986, Wigley 1986, Parnell 1998, Baum et 
al. 2009, Jones et al. 2009). The correlation between arthropod communities and 
understory vegetation diversity agrees with previous literature indicating 
inflorescences from flowering plants attract large numbers of herbivorous and 
pollinating insects, which can also influence predatory arthropods such as 
spiders. These inflorescences also add another dimension to plant architecture 
by changing microclimate conditions and offering refuges from predators (de 
Souza and Módena 2004). Similarly, early successional vegetation communities 
have been found to have greater species richness of arthropods than later-
successional vegetation communities (Sperry et al. 2008, Moorman et al. 2012, 
Higgens et al. 2014).  
Conversely, I found arboreal arthropod abundance to be lower in E13 
stands than pines of either age class. This may reflect the fact that eucalyptus 
trees are not native to the area. Native insects that have shared little to no 
evolutionary history with non-native plants may not possess the adaptations 
required to gain nutrition from them, and there have only been a few cases in 
which insects have been able to adapt to novel plant species (Tallamy 2004). 
While arboreal arthropods were a minor component to the overall arthropod 
communities found in all stand types, this may lead to reduced communities in 
 33 
 
eucalyptus plantations as understory vegetation diversity declines with stand 
age.  
Yearly trends indicated E13 terrestrial arthropod communities became 
more analogous to S08 communities even over the brief time covered in this 
study. This is most likely due to the rapid growth of the eucalyptus trees 
themselves, which facilitated more shade and open ground conditions similar to 
that of S08 stands. Less light is able to penetrate to the stand floor, resulting in 
less herbaceous growth. Because eucalyptus plantations are expected to reach 
up to 21 m in height in as little as 6-8 years (Blazier et al. 2012), successional 
change will occur at a much more rapid pace than in pine plantations and 
understory vegetation may be greatly reduced within a few years of planting. 
Climatic variation, such as extensive rain and localized flooding that was seen in 
2015, can also affect certain arthropod communities (Braccia and Batzer 2001). 
Thus, it is likely that arthropod availability could be relatively lower for certain bird 
species (e.g., obligate foliage gleaners) or in some years.  However, based on 
these results and avian occupancy during the breeding season (Chapter 3), it 
appears that eucalyptus plantations are capable of supporting a typical young 
forest breeding bird assemblage 2-3 years after establishment.  
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Figure 2.1. Location of study sites near Merryville in Beauregard Parish, 
Louisiana. There were 5 sites each of slash pines planted in 2013 (S13),  
slash pines planted in 2008 (S08), and eucalyptus planted in 2013 (E13) that 
were surveyed in 2014 and 2015 
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Figure 2.2. Map showing boundary of Camden white gum stand E13(6) along 
with location of line-transect used in arthropod collections in 2014 and 2015. 
Arthropods were sampled by pitfall traps and insecticide knockdown methods at 
both ends of each transect and at 125 m intervals. 
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Figure 2.3. Map showing boundary of Camden white gum stand E13(8) along 
with location of line-transect used in arthropod collections in 2014 and 2015. 
Arthropods were sampled by pitfall traps and insecticide knockdown methods at 
both ends of each transect and at 125 m intervals. 
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Figure 2.4. Map showing boundary of Camden white gum stand E13(9) along 
with location of line-transect used in arthropod collections in 2014 and 2015. 
Arthropods were sampled by pitfall traps and insecticide knockdown methods at 
both ends of each transect and at 125 m intervals. 
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Figure 2.5. Map showing boundary of Camden white gum stand E13(10) along 
with location of line-transect used in arthropod collections in 2014 and 2015. 
Arthropods were sampled by pitfall traps and insecticide knockdown methods at 
both ends of each transect and at 125 m intervals. 
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Figure 2.6. Map showing boundary of Camden white gum stand E13(11) along 
with location of line-transect used in arthropod collections in 2014 and 2015. 
Arthropods were sampled by pitfall traps and insecticide knockdown methods at 
both ends of each transect and at 125 m intervals. 
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Figure 2.7. Map showing boundary of 2013 planted slash pine stand S13(2) 
along with location of line-transect used in arthropod collections in 2014 and 
2015. Arthropods were sampled by pitfall traps and insecticide knockdown 
methods at both ends of each transect and at 125 m intervals. 
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Figure 2.8. Map showing boundary of 2013 planted slash pine stand S13(6) 
along with location of line-transect used in arthropod collections in 2014 and 
2015. Arthropods were sampled by pitfall traps and insecticide knockdown 
methods at both ends of each transect and at 125 m intervals. 
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Figure 2.9. Map showing boundary of 2013 planted slash pine stand S13(9) 
along with location of line-transect used in arthropod collections in 2014 and 
2015. Arthropods were sampled by pitfall traps and insecticide knockdown 
methods at both ends of each transect and at 125 m intervals. 
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Figure 2.10. Map showing boundary of 2013 planted slash pine stand S13(17) 
along with location of line-transect used in arthropod collections in 2014 and 
2015. Arthropods were sampled by pitfall traps and insecticide knockdown 
methods at both ends of each transect and at 125 m intervals. 
 50 
 
 
Figure 2.11. Map showing boundary of 2013 planted slash pine stand S13(26) 
along with location of line-transect used in arthropod collections in 2014 and 
2015. Arthropods were sampled by pitfall traps and insecticide knockdown 
methods at both ends of each transect and at 125 m intervals. 
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Figure 2.12. Map showing boundary of 2008 planted slash pine stand S08(1) 
along with location of line-transect used in arthropod collections in 2014 and 
2015. Arthropods were sampled by pitfall traps and insecticide knockdown 
methods at both ends of each transect and at 125 m intervals. 
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Figure 2.13. Map showing boundary of 2008 planted slash pine stand S08(3) 
along with location of line-transect used in arthropod collections in 2014 and 
2015. Arthropods were sampled by pitfall traps and insecticide knockdown 
methods at both ends of each transect and at 125 m intervals. 
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Figure 2.14. Map showing boundary of 2008 planted slash pine stand S08(17) 
along with location of line-transect used in arthropod collections in 2014 and 
2015. Arthropods were sampled by pitfall traps and insecticide knockdown 
methods at both ends of each transect and at 125 m intervals. 
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Figure 2.15. Map showing boundary of 2008 planted slash pine stand S08(32) 
along with location of line-transect used in arthropod collections in 2014 and 
2015. Arthropods were sampled by pitfall traps and insecticide knockdown 
methods at both ends of each transect and at 125 m intervals. 
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Figure 2.16. Map showing boundary of 2008 planted slash pine stand S08(36) 
along with location of line-transect used in arthropod collections in 2014 and 
2015. Arthropods were sampled by pitfall traps and insecticide knockdown 
methods at both ends of each transect and at 125 m intervals. 
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Figure 2.17. Average biomass (g) with standard error of terrestrial arthropods 
collected in 2015 from S13, E13, and S08 stands, Beauregard Parish, LA. Error 
bars show ±1 standard error. 
 
 
 
 
 
Figure 2.18. Correspondence analysis (CA) ordination of terrestrial arthropod 
abundance from 2014 and 2015 collections in S13, E13, and S08 stands, 
Beauregard Parish, LA. 
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Figure 2.19. Correspondence analysis (CA) ordination of terrestrial arthropod abundance from A) 2014 and 
B) 2015 collections in S13, E13, and S08 stands, Beauregard Parish, LA.  
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Figure 2.20. Average biomass (g) of arboreal arthropods collected in 2015 from 
S13, E13, and S08 stands, Beauregard Parish, LA. Error bars show ±1 standard 
error. 
 
 
 
 
 
Figure 2.21. Correspondence analysis (CA) ordination of arboreal arthropod 
abundance from 2014 and 2015 collections in S13, E13, and S08 stands, 
Beauregard Parish, LA. 
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Table 2.1. Mean family richness, standard errors (SE), and P-values from 2-way analyses of variance 
(ANOVA) with interaction terms for combined arboreal and terrestrial arthropods collected among S13, E13, 
and S08 stands in 2014 and 2015, Beauregard Parish, LA. 
 
  S13   E13   S08     
 
Year Mean  SE   Mean  SE   Mean  SE Type P Year P Type*Year P 
All Years 19.1 1.62 
 
16.2 1.49 
 
15.7 1.56 0.249 <0.001 0.844 
2014 24.6 1.68 
 
21.4 1.39 
 
20 2.22 
   
2015 13.6 1.20   11 1.12   11.4 1.15     
  
 
 
 
 
Table 2.2. Mean diversity indices (D), standard errors (SE), and P-values from repeated measures 2-way 
analyses of variance (ANOVA) with interaction terms for combined arboreal and terrestrial arthropods 
collected among S13, E13, and S08 stands in 2014 and 2015, Beauregard Parish, LA. 
 
  S13   E13   S08     
 Year Mean  SE 
 
Mean  SE 
 
Mean  SE Type P Year P Type*Year P 
All Years 10.97 0.79   10.14 0.98   8.18 1.05 0.130 0.316 0.555 
2014 11.64 0.75 
 
11.40 1.50 
 
7.96 1.46 
   2015 10.31 1.42   8.88 1.14   8.41 1.69     
  
 
 
  
6
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Table 2.3. Means, standard errors (SE), and P-values from 2-way analyses of variance (ANOVA) with 
interaction terms of terrestrial arthropod abundance collected via pitfall traps among S13, E13, and S08 
stands in 2014 and 2015, Beauregard Parish, LA.  
 
  S13   E13   S08       
Year Mean  SE   Mean  SE   Mean  SE Type P Year P Type*Year P 
All Years 74 27.18 
 
79.6 28.54 
 
64.7 21.71 0.583 <0.001 0.777 
2014 120 23.87 
 
132 20.21 
 
107 12.52 
   
2015 28 5.85   27.2 7.22   22.4 1.32       
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Table 2.4. Means, standard errors (SE), and P-values 2-way analyses of variance (ANOVA) of abundance 
for the most abundant terrestrial arthropod taxa collected via pitfall traps among S13, E13, and S08 stands 
in 2014 and 2015, Beauregard Parish, LA. Means followed by the same letter within a row are not different 
(Tukey’s HSD Test; α=0.05) following a significant (P<0.05) ANOVA result. 
 
      S13   E13   S08     
  Year   Mean  SE   Mean  SE   Mean  SE Type P Year P 
Arachnida 
            Araneae All Years 
 
19.2 9.05 
 
19.4 7.33 
 
26.5 9.82 0.321 <0.001 
 
2014 
 
31 10.57 
 
33.4 4.37 
 
45.6 5.34 
  
 
2015 
 
7.4 1.75 
 
5.4 1.94 
 
7.4 2.46 
  Insecta 
            Coleoptera All Years 
 
6.3 2.13 
 
16.8 11.04 
 
4.6 1.71 0.086 0.030 
 
2014 
 
9.2 2.22 
 
26.6 14.76 
 
4.6 1.60 
  
 
2015 
 
3.4 1.03 
 
7 2.85 
 
4.6 1.93 
  Hymenoptera All Years 
 
29.4 A 12.89 
 
21.2 AB 9.44 
 
12.7 B  9.43 0.017 <0.001 
 
2014 
 
51.4 11.14 
 
38.2 7.17 
 
24.8 11.25 
  
 
2015 
 
7.4 4.18 
 
4.2 2.13 
 
0.6 0.40 
  Orthoptera All Years 
 
13.3 7.34 
 
12 2.40 
 
15 5.14 0.581 <0.001 
 
2014 
 
22.4 8.82 
 
16.2 1.50 
 
20 6.66 
    2015   4.2 1.43   7.8 1.39   10 1.61     
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Table 2.5. Means, standard errors (SE), and P-values from Dunn’s test analysis of arboreal arthropod 
abundances collected via insecticide knockdown among S13, E13, and S08 stands in 2014 and 2015, 
Beauregard Parish, LA. Means followed by the same letter within a row are not different following a 
significant (P <0.05) result. 
 
  S13   E13   S08     
Year Mean  SE   Mean  SE   Mean  SE Type P Year P 
All Years 8.2 A 2.76 
 
3.5 B 0.88 
 
18.9 A 9.88 0.020 0.560 
2014 9.6 A 3.23 
 
4.4 B 1.03 
 
17.4 A 8.89 
  
2015 6.8 A 2.40   2.6 B 0.51   20.4 A 11.80     
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Table 2.6. Means, standard errors (SE), and P-values from Dunn’s test analyses of abundance of the most 
abundant arboreal arthropod taxa collected via insecticide knockdown among S13, E13, and S08 stands in 
2014 and 2015, Beauregard Parish, LA. 
 
    S13   E13   S08 
    Year Mean SE   Mean SE   Mean SE Type P Year P 
Arachnida 
           Araneae All Years 1.9 0.77 
 
0.9 0.44 
 
1.4 0.82 0.420 0.910 
 
2014 1.8 0.73 
 
1 0.55 
 
1 0.45 
  
 
2015 2 0.89 
 
0.8 0.37 
 
1.8 1.11 
  Insecta 
           Coleoptera All Years 0.8 0.46 
 
0.4 0.43 
 
0.5 0.43 0.410 0.960 
 
2014 0.8 0.58 
 
0.6 0.60 
 
0.4 0.24 
  
 
2015 0.8 0.84 
 
0.2 0.20 
 
0.6 0.60 
  Diptera All Years 0.9 0.25 
 
0.6 0.31 
 
1.1 0.70 0.170 0.840 
 
2014 0.8 0.20 
 
0.8 0.37 
 
1 0.77 
  
 
2015 1 0.71 
 
0.4 0.24 
 
1.2 0.97 
  Hemiptera All Years 3.1 2.20 
 
0.4 0.31 
 
6.9 5.79 0.110 0.100 
 
2014 5.4 2.82 
 
0.6 0.40 
 
12.6 7.67 
  
 
2015 0.8 1.10 
 
0.2 0.20 
 
1.2 0.58 
  Hymenoptera All Years 1.1 0.61 
 
0.7 0.37 
 
8.3 8.24 0.180 0.350 
 
2014 0.6 0.40 
 
0.8 0.37 
 
1.8 0.92 
    2015 1.6 1.67   0.6 0.40   14.8 11.43     
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CHAPTER III 
 
AVIAN OCCUPANCY, DIVERSITY, AND COMMUNITY COMPOSITION IN 
CAMDEN WHITE GUM AND SLASH PINE PLANTATIONS IN SOUTHWEST 
LOUISIANA 
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ABSTRACT 
 
Conversion of native forests to single-species plantations has been 
implicated as an important factor in declines of numerous wildlife species, 
including birds in the southeastern United States. Increased focus on short 
rotation woody crops (SRWCs) for biomass and other uses has the potential to 
further impact diversity and abundance of birds, particularly for SRWCs that are 
non-native species. However, the implications of forest conversion from native to 
non-native species for resident fauna are largely unknown.  I compared avifauna 
abundance, diversity, and community composition in newly established Camden 
white gum (Eucalyptus benthamii) plantations to slash pine (Pinus elliottii) 
plantations of the same age and height (1-2 years and 6-7 years old respectively) 
in southwestern Louisiana, USA. I found newly established eucalyptus 
plantations supported similar species richness, diversity, and community 
composition as 6-7-year-old pines. More birds were observed and the number of 
detections varied less in eucalyptus plantations than in either pine stand type. 
Indigo buntings (Passerina cyanea) and other shrub-associated species were 
abundant in eucalyptus stands. In contrast, species that inhabit herbaceous-
dominated communities such as Eastern Meadowlarks (Sturnella magna), or that 
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were associated with a dense graminoid community (e.g., Bachman’s sparrow 
[Peucaea aestivalis]) were less abundant in eucalyptus. Overall, there was little 
evidence that conversion from single-species pine plantations to eucalyptus 
plantations negatively affected avian communities 1-2 years post establishment. 
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INTRODUCTION 
 
Land conversion from native forests to single-species monocultures is a 
well-documented concern for wildlife habitat, especially for breeding season 
avifauna (Felix et al. 1986, Melchiors 1991, Allen et al. 1996, Hill 1997). 
Moreover, single-species plantations have been vilified as biological deserts and 
landscape eyesores (Allen et al. 1996, Willis 2016). Most notable for these 
reactions are even-aged silvicultural practices and intensive site preparation 
used during plantation establishment (Wigley 1986). Young, even-aged stands 
are structurally simple, have low vertical foliage diversity (Dickson et al. 1993a), 
and may support low abundances of breeding birds (Dickson et al. 1995). 
Although financial returns from wood products can be the primary goals of 
timber management, wildlife habitat provision is of equal or greater importance to 
some landowners (Allen et al. 1996). Young intensively managed pine 
plantations are capable of supporting more birds than other historically disturbed 
landscapes (Owens et al. 2014) and these silvicultural practices create and 
provide habitat for numerous avian species throughout multiple seral stages 
(Connor and Dickson 1997). Newly established plantations provide habitat for 
species that are dependent on early successional cover and prefer more open 
areas (Wigley 1986, Allen et al. 1996, Smith 2007, Schlossberg and King 2008). 
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Species of conservation concern that rely upon these early successional 
communities in the southeastern United States include Bachman’s sparrows 
(Peucaea aestivalis), Northern bobwhites (Colinus virginianus), and Eastern 
meadowlarks (Sturnella magna; Allen et al. 1996, Plentovitch et al. 1998, 
Dickson 2000, Cox and Jones 2008, Allen and Burt 2014, Owens et al. 2014).  
Shrub and edge-associated species are the most prevalent species in 
intensively managed plantations. These species start utilizing stands around 3 
years of age and remain until canopy closure at around 10-12 years of age 
(Dickson et al. 1993b, Dickson et al. 1995, Connor and Dickson 1997). Breeding 
bird abundance and diversity is also greatest during this portion of the rotation 
(Dickson et al. 1995). Bird abundance declines dramatically after crown closure, 
although older stands may attract mature-forest and canopy-associated birds. 
However, plantations managed on rotations of <30-years have limited suitability 
for birds that require old-growth stand characteristics such as cavities (Allen et al. 
1996).  
Recent fluctuations in fossil fuel prices along with increased interest in 
alternative energy sources and emerging carbon markets have heightened forest 
manager and private landowner interest in short-rotation woody crops (SRWCs). 
These crops produce high amounts of woody biomass for pulp or energy 
production in shorter harvest cycles than traditional pine plantations (Christian et 
al. 1997, Christian et al. 1998, Paine et al. 2011, Blazier et al. 2012, de la Hera et 
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al. 2013, Vance et al. 2014). The most prevalent SRWC plantation species 
include poplar, cottonwood, and poplar-cottonwood hybrids (Populus spp.), 
willow (Salix spp.), and eucalyptus (Eucalyptus spp.; Dickmann 2006, Baum et 
al. 2009, Shulz et al. 2009, Riffell et al. 2011, Zalesny et al. 2011, Loman et al. 
2013). While SRWC plantations of both native and exotic species can be 
economically valuable, they may have unintended negative ecological impacts 
(Calviño-Cancela et al. 2012). Studies in the United States have mainly focused 
on Populus plantations compared to native woodlands. These studies have found 
decreased bird abundance in plantations, especially within younger-aged stands. 
They have also found that bird communities differ greatly between traditional 
plantations and SRWCs, with traditional plantations having higher abundances of 
shrub-associated species such as indigo buntings (Passerina cyanea) and 
yellow-breasted chats (Icteria virens; Sax 2002, Wilson and Twedt 2003, Riffell et 
al. 2011).  
Eucalyptus species are among the most widely planted and most valuable 
hardwoods in the world (Rockwood et al. 2008, Paine et al. 2011, Calviño-
Cancela et al. 2012). Eucalyptus’ success as a SRWC is attributed to their rapid 
indeterminate growth, coppice ability, resistance to disease and insects, and 
tolerance of a wide range of growing conditions (Rockwood et al. 2008, Paine et 
al. 2011, Zalesny et al. 2011, Blazier et al. 2012, Calviño-Cancela et al. 2012). 
Eucalyptus distributions have previously been limited to tropical regions as many 
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species are intolerant of frost and temperatures less than -2.8°C (Paine et al. 
2011, Zalesny et al. 2011, Blazier et al. 2012, Vose et al. 2015). However, 
Camden white gum (Eucalyptus benthamii) is sufficiently tolerant of freezing 
temperatures to be planted on high elevation sites in southern Brazil and has 
survived temperatures as low as -12˚C in planting trials (Zalesny et al. 2011). 
Because of this species’ tolerance of colder temperatures, management is viable 
in southern portions of the United States. As of January 2010, there were 
approximately 1,200 ha of eucalyptus plantations throughout southwestern 
Louisiana and southeastern Texas (Blazier et al. 2012).  
Despite eucalyptus’ growing popularity as biomass feedstock and the 
increase of biodiversity studies in short-rotation woody crops (Baum et al. 2009, 
Shulz et al. 2009, Riffell et al. 2011, Sage and Robertson 2010), there are few 
studies regarding wildlife use of eucalyptus plantations. The limited studies that 
are available have focused on a wide array of other reference forest types. In 
eucalyptus plantations, avian species diversity was lower than native pine 
plantations in Portugal (Pina 1989, Proença et al. 2010) and Spain (Calviño-
Cancela 2013); native oak forests in Spain (de la Hera et al. 2013), Brazil 
(Marsden et al. 2001), and California (Cal-IPC 2015); and home gardens, 
reservoirs, wetlands, and tea plantations in Sri Lanka (Kottawa-Arachchi and 
Gamage 2015). Low avian species richness in eucalyptus plantations has been 
 71 
 
attributed to shorter rotation periods and lower prey availability (Proença et al. 
2010, Calviño-Cancela et al. 2012).  
Birds exhibit characteristics that make them suitable as ecological and 
biodiversity indicators on a large scale because they are comprised of a large, 
diverse group, occupy numerous ecological niches, often have specific and well-
documented habitat requirements, and respond quickly to vegetation community 
and structural change (Robbins 1979, Dickson et al. 1993b, Canterbury et al. 
2000). Certain species also can be indicators of specific habitat features such as 
the presence of snags or cavities, or the availability of certain food items 
(Canterbury et al. 2000). Furthermore, avian communities are strongly influenced 
by forest succession, understory and overstory vegetation species composition, 
and forest structure (Wigley 1986, Dickson et al. 1995, Allen et al. 1996, Conner 
and Dickson 1997). 
 In this study, I determined avian diversity, richness, occupancy, and 
community composition in early-rotation Camden white gum, early-rotation slash 
pine, and mid-rotation slash pine plantations in southwestern Louisiana during 
the breeding seasons (April – June) of 2014 and 2015. I also determined if stand 
type, vegetation characteristics, landscape features, and prey availability 
influenced species occurrence. I used my results as a preliminary assessment of 
the effects of conversion of existing slash pine plantations to eucalyptus 
plantations in southwestern Louisiana.  
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METHODS 
 
Study Area 
 
I conducted this study between the cities of Merryville and Singer in 
Beauregard Parish, Louisiana. There are two major ecoregions in Beauregard 
Parish: the Western Gulf Coastal Plain and the Western Gulf Coast Flatwoods. 
The Western Coastal Plain varies from gently sloping to moderately steep, and 
moderately drained to somewhat excessively drained loamy and sandy soils. The 
Western Gulf Coast Flatwoods varies from level to gently sloping, and poorly 
drained to moderately well drained loamy soils. Average temperatures range 
from 3.9°C in January to 33.3°C in July and annual precipitation is approximately 
150 centimeters. Terraces and uplands in this Parish are dominated by pine and 
pine/hardwood mixed forest with small inclusions of pasture and cropland. 
Bottomland hardwood forests are supported by the floodplains of the Sabine and 
Whiskey Chitto Rivers, Bundick Creek, and other streams (Midkiff 2002).  
Rice Land and Lumber Company (RLLC) purchased the land on which the 
study sites are located in 1895. Historically, both loblolly (Pinus palustris) and 
slash (P. elliottii) pine were harvested from the area. Since the 1970s, 99% of the 
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RLLC-owned land has been planted in slash pine with the remaining 1% planted 
in longleaf pine. This mixture of slash and longleaf pine is used to maximize 
timber production and income. Timber is typically grown on a 50-58 year rotation, 
and parcels are also leased for hunting. WestRock has short-term leases 
contracted with RLLC to produce eucalyptus biomass for fuel wood at the 
Packaging Corporation of America mill in DeRidder, Louisiana and hardwood 
pulp at the mill in Evadale, Texas (S. Coleman, Larson & McGowin Inc., personal 
communication).  
 All candidate stands were outlined in GIS shapefiles by WestRock. I used 
ArcMap 10.1 (ESRI, Inc., Redlands, CA) to select stands that could contain a 
500-meter transect line while maintaining a minimum distance of 50 meters from 
stand edges and other irregular features (e.g., wetlands). I selected five Camden 
white gum plantations that were established in 2013 as experimental stands for 
this study (henceforth E13; stands E13(6), E13(8), E13(9), E13(10), and 
E13(11)). I also selected slash pine plantations of two different ages as reference 
stands. Slash pine plantations used primarily for pole production were the 
primary land use on all stands prior to conversion to eucalyptus production and 
this remains the land use on most adjacent stands. Five slash pine stands 
planted in 2013 served as similar-age reference stands (henceforth S13; stands 
S13(2), S13(6), S13(9), S13(17), and S13(26)) and five slash pine stands planted 
in 2008 (henceforth S08; stands S08(1), S08(3), S08(17), S08(32), and S08(36)) 
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served as similar-height reference stands.  Stands that were chosen for this 
study ranged in size from 17 to 74 ha with sizes averaging to 38.1 for S08 
stands, 33.4 for S13 stands, and 38.7 for E13 stands. No stands in this study 
experienced active management such as thinning or prescribed burning during or 
between study seasons. However, normal silvicultural activities took place on 
adjacent stands during and between study seasons. 
 
Avian Sampling 
 
I used line-transect surveys to sample breeding birds in all 15 stands from 
29 April-9 June 2014 and 18 April- 23 June 2015. Line transect surveys were 
used instead of traditional point count surveys because they require less time in 
the field, generate less bias, increase detection probability, and are considered 
the most efficient method for accurately surveying avian populations (Wilson et 
al. 2000, Buckland 2006, Legault et al. 2013).  I established a single, fixed 500 m 
transect within each stand using ArcGIS 10.1. Single transects of this length 
were used to gain a large and representative sample for stand density estimates 
as transects incorporated a majority of the interior of each stand (Bibby et al. 
1998). Each transect started at a random point and extended along a random 
azimuth that was restricted to keep the transect within the stand. I buffered stand 
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edges by 50 meters when placing transects to reduce edge effects (Jensen and 
Fink 2004, Kaiser and Lindell 2007).  
I conducted bird surveys between sunrise and 0930 hours except during 
periods not conducive for bird activity (e.g., high winds or rain; Haegen et al. 
2000, Legrand et al. 2007). Each treatment and reference stand was surveyed 
five times per season at approximately equal intervals. The time frame of surveys 
occurred during the peak of breeding season (Wood et al. 2004, Thill and Koerth 
2005, Allen et al. 2006, Knutson et al. 2006) and multiple surveys per stand 
allowed for estimation of detection probabilities for avian species (MacKenzie 
2005). To reduce heterogeneity effects, order of surveys among sites was 
rotated such that the same stands were not surveyed consecutively or at the 
same time in each survey (Mackenzie and Royle 2005). During a survey, I slowly 
navigated the transect at a pace of approximately 500 m per hour to maintain 
consistent detectability and search effort within each site. I documented all birds 
detected, the method by which they were detected (visual, auditory, or flushed), 
and the bird’s distance and angle from the transect. Distance to each bird was 
estimated with an optical rangefinder and I only recorded bird detections at the 
initial point of detection. Fly-overs were not recorded unless birds landed within 
the stand or were actively hunting/hawking above the stand (Calviño-Cancela et 
al. 2013). 
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Factors Influencing Detection and Occupancy 
 
 I collected additional data as covariates which may influence either the 
probability of detection (p) or occupancy (ѱ) of a species as presence and 
detection probabilities were assumed to vary across sites. Some forms of 
probability heterogeneity may be accounted for with covariates such as 
environmental conditions, site, or landscape characteristics. Factors that may 
influence probability of detection vary by time and are not site specific (e.g. 
weather conditions), whereas those that effect occupancy probability are time 
constant and site specific (e.g. stand area; MacKenzie et al. 2002). Furthermore, 
while detection indicates the presence of a species, nondetection does not 
always indicate a species absence and site occupancy is underestimated when 
imperfect detectability is not considered (MacKenzie et al. 2003). Factors that 
were not recorded on a scale, as presence/absence, or as indices were z-
transformed for standardization since each was recorded in different units. This 
transformation also prevented variables with larger values or variances from 
being more influential than variables with smaller values or variances (Quinn and 
Keough 2002).  
Detection covariates 
I recorded stand type, cloud cover, wind, temperature, and noise from 
roads and nearby oil or logging operations at the time of each survey as these 
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variables may have influenced detection. Cloud cover was recorded on a scale of 
0 – 5 with 0 indicating 0% cloud cover and 5 indicating fog or smoke. Wind speed 
and temperature measurements were recorded from a digital weather meter. 
Wind was recorded on a scale of 0 – 5 with 0 indicating no wind and 5 indicating 
winds of >20 mph. I recorded temperature in degrees Fahrenheit and converted 
to degrees Celsius for analysis. I recorded noise on a scale of 0 – 4 subjectively 
with 0 indicating no noise and 4 indicating heavy noise.  
Occupancy covariates 
Habitat features that attract avifauna to an area can be classified into two 
types of factors. Indirect factors are vegetation community dependent such as 
landscape, terrain, or availability of song posts. These factors may not directly 
influence reproduction and survival, but provide cues that indicate appropriate 
habitats. Direct factors are those that directly influence survival and reproduction 
and may include food, shelter, and water (Whiting 1978). Because habitat 
selection occurs over several spatial scales (Johnson 1980, Hall et al. 1997), I 
examined how environmental factors at both landscape and stand levels 
influence species presence within stands.  
I considered area, edge:area ratio, and adjacent stand type and age as 
landscape covariates. I used ArcGIS 10.1 to determine each stand’s area and 
length of edge, and to calculate edge:area ratio (Baum et al. 2009, Schulz et al. 
2009). Adjacent stand types and ages were considered influential as they may 
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provide a potential pool for species to move into or out of the target stand. The 
more diverse the surrounding landscape is, the more species are able to 
establish in a plantation (Berg 2002, Baum et al. 2009, Schulz et al. 2009, John 
and Kabigumila 2011, Riffell et al. 2011, Vance et al. 2014). Adjacent stand types 
and their ages were recorded in the field at the time of survey. I used adjacent 
clear cut and mature pine stands as covariates because they represented 
structurally dissimilar stands compared to target stands. I also used adjacent 
eucalyptus stands as a covariate to discern if their proximity would influence 
species occupancy probabilities. The presence or absence of these adjacent 
stand types were recorded as a 1 or 0 for each study stand.  
I considered snags and ground vegetation cover as stand level covariates. 
Snags were considered an important habitat factor due to their well-established 
value for more than 19 species of cavity-nesting birds (Conner and Saenz 2005) 
and nongame bird species (Allen et al. 1996) in the Coastal Plain. I recorded the 
number of snags present within 80 meters of survey transects during both survey 
years as this distance accounted for the majority of detections. In 2015, I also 
recorded snag diameter at breast height (DBH). Both number of snags and snag 
DBH were averaged by stand. Understory vegetation cover can influence prey 
availability as well as strata needed for feeding, nesting, and escape from 
predators (Whiting 1978, Allen et al. 1996, Whelan and Maina 2005) . In 2015, 
percent vegetation cover at 3 heights (0-50 cm, 51-150 cm, 151-200 cm) was 
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recorded from 4 plots within each stand (De Stefano, unpublished data). 
Because this variable was recorded in a quarter scale (i.e.,1=25% cover), I used 
the mid-point of each scaled recording to calculate average percent cover per 
stand.  
Previous eucalyptus biodiversity studies have attributed decreased bird 
abundance to lack of arthropod prey availability (John and Kabigumila 2007, 
Proença et al. 2010, Calviño-Cancela et al. 2012). Furthermore, the time period 
between bird migration and hatching is one of high foraging pressure 
(Gunnarsson 2007) and arthropods are a vital source of protein for nestlings and 
fledglings (Losey and Vaughan 2006). Although prey availability is a stand level, 
or direct, factor in habitat use, I separated it from the other direct factors to 
determine the scope of its influence. I sampled arthropods along survey transects 
as a proxy for prey abundance from 25 April-26 May 2014 and 28 April-10 June 
2015 to determine if, and for what species, prey abundance influenced bird 
occupancy (Champlain et al. 2009, Moorman et al. 2012).  I used two sampling 
techniques, pitfall traps for terrestrial arthropods and insecticide knockdown for 
arboreal species, because a single trapping technique is biased towards certain 
invertebrate taxa (Majer and Recher 1988, Cooper and Whitmore 1990, Lassau 
et al. 2005). These techniques also reflect variation in bird feeding habits as 
some feed near the ground and others are primarily arboreal feeders.   
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Each pitfall trap consisted of two 0.47 liter plastic cups placed together in 
a hole in the soil deeply enough so the rim of the upper cup was flush with the 
soil surface (Cooper and Whitmore 1990, Hansen and New 2005, Ober and 
DeGroote 2011). I cut a small slit into the bottom of the top cup to drain water 
from the traps at time of removal. Each trap was subsequently filled half-full with 
soapy water to break the water’s surface tension and facilitate arthropod capture. 
I placed pitfalls in sets of 5 in an ‘X’ shape at the beginning of each transect and 
at 125 meter intervals for a total of 25 pitfalls per stand. Traps were allowed to sit 
undisturbed for 5 days. At the time of removal, I drained water from the top cup 
via the previously cut slit, and removed arthropods and placed them in labeled 
collection jars. I used Isopropyl alcohol in collection jars for preservation until 
arthropods were identified in the lab (Schauff 1986, National Park Service 1999, 
Hansen and New 2005).  
I performed insecticide knockdown surveys as described in Majer and 
Recher (1988) using a Black Flag 190095 propane insect fogger and fogging 
insecticide. Surveys using this method were not performed during windy or wet 
conditions. I randomly selected one tree of the primary species (e.g. Camden 
white gum or slash pine) at the beginning of each transect and then at 125 meter 
intervals for a total of 5 trees sampled per stand. To prevent possible interference 
between collection methods, the selected trees were a minimum of 5 meters on 
the opposite side of the transect line from any pitfall traps. I also selected trees 
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that were representative of the stand with respect to size and configuration. 
White cotton sheets were placed beneath the tree and its branch drip line and 
each sample tree was treated with insecticide for approximately 3 continuous 
minutes. Larger trees found in E13 and S08 stands were left undisturbed for an 
average of 20 minutes after insecticide application whereas the younger, smaller 
trees found in S13 stands were left undisturbed for an average of 10 minutes 
while the insecticide took effect. I used a step ladder in 2015 to better reach the 
tops of the taller trees with insecticide. After the allotted time for the insecticide 
had passed, each tree was shaken vigorously to dislodge any arthropods still 
attached to the tree. I searched sheets were for arthropods which were then 
placed in labeled collection jars with isopropyl alcohol as a preservative (Schauff 
1986, National Park Service 1999, Hansen and New 2005).  
In the lab, specimens of both collection types were allowed to air-dry until 
isopropyl alcohol had evaporated from their body surface area. In 2014, I 
recorded total counts by family (or lowest attainable taxonomic unit).  In 2015, I 
recorded similar counts. Furthermore, during 2015 I weighed sorted samples to 
determine total wet mass (g) of arthropods by collection method and stand type. I 
also calculated yearly order diversity with Shannon-Weiner diversity indices as it 
is the lowest taxonomic unit associated with avian prey (Gunnarsson 2007, 
Moorman et al. 2012, Ostrand and Bollinger 2012).  
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Data Analysis 
 
To examine coarse community measures, I calculated avian richness and 
diversity. I determined avian richness as the average number of species detected 
within each stand type per year. Diversity was calculated using Jost’s diversity 
index (D) to weigh species by their frequency without favoring rare or more 
common species disproportionately (Jost 2006). I analyzed differences in 
richness and diversity among stand types (E13, S13, or S08) and between years 
using 2-way analysis of variance (ANOVA; α=0.05). I did not transform data as 
residuals were normally distributed (Zar 2010). A Tukey’s HSD (honest 
significant difference) post hoc test was used to identify differences and 
magnitude of differences among stand types and between years when overall 
ANOVA results were significant.  
I examined species abundance and the influence of stand type using the 
number of detections per stand of each species detected ≥5 times each year. 
Due to non-normality and variance heterogeneity, I compared these data among 
stand types and between years using a Dunn’s test with Benjamini-Hochberg P-
value adjustments with package dunn.test in R (Dinno 2016). A Benjamini-
Hochberg adjustment was used for its ability to control for false detection rate 
(Dinno 2015). I conducted all tests with R 3.0.2 statistical software (R Core Team 
2013).  
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I further investigated species-stand type associations with correspondence 
analysis (CA) ordination using program PAST 3.12 (Hammer et al. 2001, Van 
Bael et al. 2013). I used CA ordination for its ability to compare associations 
using count data. The CA routine finds eigenvalues and eigenvectors of the 
matrices containing chi-squared distances between all variables using the SVD 
algorithm (Hammer et al. 2001). These distances are then plotted in scatter plots 
to represent distance of similarity (i.e., the further away one variable is from 
another, the more dissimilar they are). For this ordination, I used total detections 
per stand of all species detected ≥5 times. Stand type and species were plotted 
in scatter plots to visually inspect overall stand type similarity and any changes 
that may have occurred between study years.  
 
Avian Occupancy 
 
I used occupancy analysis in program PRESENCE 10.2 (Hines 2006) to 
determine the influence of stand type and habitat characteristics on occupancy of 
plantations by various species.  Program PRESENCE uses a likelihood-based 
method for estimating site occupancy rates and detection probabilities when 
detection probabilities are <1 (Mackenzie et al. 2002). For avian occupancy 
estimates, I focused on species of conservation concern (RMBO 2012) and 
neotropical migrants (Table 3.1) as these groups may be the most affected by 
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plantation species conversion. Pine forests and plantations of the West Gulf 
Coastal Plain provide seasonally important habitat at various stages of 
succession for several declining species (Allen et al. 1996). Furthermore, 
neotropical migrants are more time-constrained for finding suitable breeding 
habitat and declines of these species have been attributed to vegetation 
community changes in their breeding range (Forsman 1998, Newton 2004).  
I developed separate detection histories (0=undetected, 1=detected) for 
each target species detected during 2014 and 2015. I ran single-season, single-
species model analyses for each species using the logit link function separately 
for each year. I analyzed years separately because site-specific covariates 
differed between years and multi-season model analyses are more appropriate 
for data that span >2 years (Hines 2006). In addition to stand type, I considered 
the influence of various site characteristics on probability of detection and 
occupancy by target species.   
I used a two-step ad hoc approach in which probability of detection (p) 
was estimated first (MacKenzie et al. 2006). Detection covariates were limited to 
survey specific variables, stand type, and survey number (Table 3.2). Number of 
survey was used as a detection covariate to determine if number of detections 
increased or decreased during the duration of the survey season. I ranked 
univariate models of each individual detection covariate by Akaike’s Information 
Criterion (AIC) values (Burnham and Anderson 2002) and then combined the 
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highest ranked covariates to determine if the combination produced a better fit 
model. Once I determined the most parsimonious combination of detection 
covariates for each species, those detection covariates were used in all 
subsequent candidate models for occupancy (ѱ).   
I used stand and landscape level characteristics along with prey 
availability variables (Table 3.2) as covariates for occupancy. For each bird 
species, I developed a set of candidate models based on the species’ life history 
traits and the variables measured for the stands.  For example, snag density and 
diameter were included in candidate model sets for species that were cavity 
nesters or that feed by aerial hawking, and area and edge:area ratio were 
considered for species that are sensitive to or have affinities to patch size and 
edges (Parker et al. 2005, Schlossberg and King 2008, Ribic 2009, Schulz et al. 
2009). Similar to detection probability evaluation, I ranked univariate models with 
individual occupancy covariates by AIC value and combined the highest ranking 
covariates into multivariate models. Because collinearity between predictor 
values may confound independent effects (Knapp et al. 2003), I calculated 
Pearson’s correlation coefficients using the R function cor.test (ɑ<0.05) for all 
variables prior to combining the highest ranking covariates into multivariate 
models. Correlated variables were not included within the same occupancy 
model (i.e., area was not used as a covariate in the same model as edge:area), 
yet all other possible combinations of top ranked covariates were explored as 
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candidate models. I further extended this process by taking top ranked covariates 
of each variable type (stand, landscape, and prey availability variables) that were 
not ranked with a ΔAIC ≤2 and explored combinations of these variables to 
determine if they produced a more parsimonious multivariate model.  I removed 
models from analysis if numerical convergence failed and/or parameter estimates 
converged to >2 significant figures (MacKenzie et al. 2006, Donovan and Hines 
2007). Only models with a ΔAIC of ≤2 were considered plausible (Burnham and 
Anderson 2002).  
I determined best fit models by using -2loglikelihood (-2ll) and chi- square 
goodness of fit statistics (ĉ). Models with the lowest -2ll and ĉ’s closest to 1 were 
considered to have the best fit of all candidate models (Burnham and Anderson 
2002, MacKenzie et al. 2006). I further calculated the summed weights of 
supported models with shared predictors as evidence of prediction variable 
importance to species occupancy (Burnham and Anderson 2002, Grueber et al. 
2011).   
 
Avian Density 
 
I used multiple covariate distance sampling (MCDS) engines in Program 
DISTANCE 6.2 to estimate bird species densities in each stand type. MCDS 
analyzes distance sampling data using detection covariates and distance in 
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tandem to model detection functions (Thomas et al. 2009). Similar to occupancy 
analysis, I focused on species of conservation concern and neotropical migrants. 
Because DISTANCE does not work well with small sample sizes, only species 
with ≥60 detections in a given stand type within each year were included in the 
density estimates (Buckland et al. 2001, Novak 2011). I further limited density 
analyses to species that were detected in E13 stands. Densities of many species 
in pine plantations have been estimated previously, and my primary question was 
whether eucalyptus would support similar densities. Detection functions were 
calculated for each year by post-stratification, and truncation was set to best fit 
distribution function Q-Q plots.  I used hazard-rate key with cosine and simple 
polynomial series expansions and the half-normal key with cosine and hermite 
polynomial series expansions as recommended by Buckland et al. (2001) and 
the DISTANCE user manual (Thomas et al. 2009). Covariates used for detection 
parameters were similar to those used in occupancy modeling in program 
PRESENCE. Only models with a ΔAIC of ≤2 were considered plausible 
(Burnham and Anderson 2002, MacKenzie et al. 2006).  
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RESULTS 
 
I detected 45 breeding bird species in 2014 and 47 in 2015 (Appendix II 
and III). Average time on transect varied slightly between stand types with 
averages of 43, 39, and 30 minutes in 2014 and 32, 35, and 30 minutes in 2015 
for S08, E13, and S13 stands, respectively. Thicker vegetation conditions slightly 
increased time on transect in E13 and S08 stands. These conditions also 
decreased number of visual detections for these stand types where the majority 
of detections (>90%) in E13 and S08 stands were auditory. The lack of overhead 
vegetation and thick shrubs allowed for more visual detections (>50%) in S13 
stands.  
Overall, avian species richness differed among stand types (F=6.101, 
P=0.007) and years (F=7.463, P=0.012) with no year*type interaction (F=6.101, 
P=0.211). E13 and S08 stands were generally similar in richness (P=0.705) and 
more species rich than S13 stands (P=0.007 and 0.045, respectively). Richness 
in E13 stands increased between years while other stand types maintained 
constant richness. Differences between stands occurred in 2014 whereas all 
stand types were similar in 2015 (Figure 3.1). 
Species diversity differed among stand types (F=3.992, P=0.032) and 
between years (F=8.801, P=0.007) with no year*type interaction (F=2.616, 
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P=0.094). I found less species diversity in S13 stands than E13 stands (P=0.048) 
and similar diversities in S08 and E13 stands (P=0.989). Diversity in S13 stands 
increased from 2014 to 2015 (P=0.044) whereas other stand types remained 
similar between years (P>0.358). Similar to richness, differences among stand 
types occurred only in 2014 (Figure 3.2).  
Overall, I observed more detections in E13 stands than in pines of either 
age. Indigo bunting and yellow-breasted chat were the most frequently detected 
species for both years. For both years, Eastern meadowlark was the most 
abundant species in S13 stands, indigo bunting in E13 stands, and yellow-
breasted chat in S08 stands. Of species detected ≥5 times, I detected 2 species 
in S08 stands only: brown-headed cowbird (Molothrus ater) and wood thrush 
(Hylocichla mustelina). Eastern kingbird (Tyrannus tyrannus) was only detected 
in S13 stands and cedar waxwing (Bombycilla cedrorum) was only detected in 
E13 stands. Bachman’s sparrow was the only species detected in both age 
classes of pine and not in E13 stands. Five species occurred in all stand types 
during both years: blue grosbeak (Passerina caerulea), mourning dove (Zenaida 
macroura), Northern bobwhite, Northern mockingbird (Mimus polyglottos), and 
yellow-breasted chat. American crow (Corvus brachyrhynchos) and red-headed 
woodpecker (Melanerpes erythrocephalus) were detected in all stand types only 
in 2014. Brown thrasher (Toxostoma rufum), Carolina wren (Thryothorus 
ludovicianus), Eastern towhee (Pipilo erythrophthalmus), gray catbird (Dumetella 
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carolinensis), hooded warbler (Setophaga citrina), indigo bunting, and prairie 
warbler (Setophaga discolor) were detected in all stand types in 2015.  
I removed species that had <5 total detections from detection analyses 
because I considered these to be incidental encounters.  Nineteen species (2.3% 
of yearly detections) were removed as incidental in 2014 and 20 species (2.8% of 
yearly detections) were removed in 2015. Thirty-two species remained after 
removal of incidental species. Numbers of detections of 23 species differed by 
stand type; 4 of which were detected more often in E13 stands than in pine 
stands of either age. Species detected more often in E13 stands included blue 
grosbeak (χ2=19.85, P<0.001), brown thrasher (χ2=26.153, P<0.001), indigo 
bunting (χ2=83.202, P<0.001), and painted bunting (Passerina ciris; χ2=36.145, 
P<0.001). Mourning dove was the only species detected less often in E13 stands 
than in both other stand types (χ2=10.737, P=0.009). Numbers of detections did 
not differ between years in E13 stands except for 3 species: yellow-breasted chat 
(P=0.004), cedar waxwing (P=0.021), and blue grosbeak (P=0.016) which all 
increased from 2014 to 2015. In contrast, 7 species each varied between years 
in S08 and S13 stands (Table 3.3).   
 Species composition was more similar between E13 and S08 stands 
based both on individual species detections and the results of ordination.    I 
found more overlap in composition between E13 and S08 stands (Figure 3.3) 
than between either of these and S13 stands. Overlap in species composition 
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increased from 2014-2015, although there was also less separation between 
these stand types and S13 stands in 2015 (Figures 3.3 and 3.4).   
 
Avian Occupancy 
 
The number of candidate models differed among species due to variability 
in a priori model assumptions, model convergence, and an increase of measured 
variables in 2015 (Table 3.4). Detection probabilities in 2014 were most affected 
by stand type (Table 3.5), with the lowest detections occurring in E13 stands 
(Table 3.7). Overall, detection probabilities were greatest in S08 stands (0.56) 
and least in E13 stands (0.36). Probabilities of detection in 2015 were most 
affected by cloud cover as there were more survey days with little to no cloud 
cover (Table 3.6). Overall detection probabilities were similar among stand types 
in 2015 with averages of 0.51, 0.54, and 0.56 in S13, E13, and S08 stands 
respectively; however, probabilities of detection varied more among species in 
2014 than in 2015 (Table 3.7). Detection probabilities were not affected by 
survey number in either year, suggesting that detection probability remained 
constant throughout the survey period.  In 2015, brown thrashers were the only 
species in which the global model with no covariates for detection probability was 
the top model. 
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I included 16 species in occupancy analyses in 2014 and 17 species in 
2015 (Tables 3.4, 3.5). In 2014, species occupancy estimates were slightly less 
than naïve occupancy estimates in S08 stands, slightly greater in E13 stands, 
and much greater in S13 stands. Naïve occupancy estimates increased between 
years for all species except Eastern meadowlarks and red-headed woodpeckers 
which declined, and Eastern kingbirds which remained constant. In 2015, species 
occupancy estimates were generally greater than naïve occupancy estimates in 
E13 and S13 stands and slightly lower in S08 stands (Table 3.7).  
Summed Akaike weights (Ʃwi) were used as evidence of predictor variable 
importance to species occupancy (Tables 3.8 and 3.9). Stand type and 
edge:area ratio were the most influential factors for occupancy models in 2014, 
but not in 2015. Species with stand type as the most influential occupancy factor 
in 2014 included Northern bobwhite, brown thrasher, prairie warbler, and red-
headed woodpecker. With the exception of prairie warbler, these species had 
greater probability of occupancy in E13 stands. Prairie warbler was more likely to 
be found in S08 stands. In 2015, brown thrasher was the only species with stand 
type as the most important occupancy predictor variable. Similar to the previous 
year, brown thrashers were positively associated with stand type. However, 
occupancy estimates were comparable between E13 and S13 stands. Species 
with edge:area ratio as their most influential occupancy factor in 2014 included 
blue grosbeak, indigo bunting, eastern towhee, and yellow-breasted chat. 
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Occupancies for these early successional, shrubby vegetation species 
decreased with increased stand edge:area ratios.  
Prey availability factors were the next most influential occupancy factors in 
2014. White-eyed vireo (Vireo griseus) was negatively associated with terrestrial 
arthropod diversity. Bachman’s sparrow and Eastern meadowlark, both ground-
foraging species, was positively associated with arboreal arthropod diversity 
while hooded warblers, a foliage-gleaning species, were negatively associated. 
These surprising results may reflect unmeasured environmental interactions, 
where arthropod diversity is an indirect reflection of other variables such as shrub 
density. American kestrels and Eastern kingbirds were positively influenced by 
increased snag availability. This may also be an indirect effect for Eastern 
kingbirds as the stands with the most open, herbaceous vegetation (generally 
S13 stands) also had the most snags.   
Prey availability factors were the most influential for occupancy models in 
2015. Arboreal arthropod diversity was the highest weighted factor for Northern 
bobwhite, painted bunting, prairie warbler, and white-eyed vireo. Prairie warbler, 
which is an opportunistic forager, was negatively associated with this factor. 
Terrestrial arthropod diversity was the most influential factor for generalist 
foragers such as blue grosbeaks, Eastern towhees, and gray catbirds. Blue 
grosbeak occupancy increased with greater terrestrial arthropod diversity, 
whereas Eastern towhee and gray catbird were negatively associated with this 
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factor. Reasons for these negative correlations are not immediately clear but may 
reflect other unmeasured habitat factors.  
Stand level covariates such as snag DBH and percent vegetation cover 
were also important in determining occupancy probability in 2015. Snag DBH 
was positively associated with Eastern meadowlarks, Eastern kingbirds, and red-
headed woodpeckers. Percent vegetation cover at 0-50 cm was negatively 
correlated with occupancy probability for yellow-breasted chats and hooded 
warblers, which are both shrub-associated species.  Edge:area ratio and stand 
area were the remaining covariates that affected occupancy in 2015. Common 
nighthawk (Chordeiles minor) and Bachman’s sparrow were positively associated 
with edge:area ratio and Orchard oriole (Icterus spurius) was negatively 
correlated with stand area.  
The presence of mature pine or eucalyptus stands adjacent to study 
stands was not important in occurrence of any species in either year. In 2015, 
snag density appeared to replace snag DBH (which was not measured in 2014) 
as a better measure of the influence of snags’ influence on bird occupancy.  
Vegetation cover at heights >50 cm did not appear to affect bird occurrence in 
the various stands, although this may reflect limited variation in these parameters 
among the stands. Arboreal arthropod biomass also did not occur in any top 
models.  
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Avian Density 
 
 I was able to obtain density estimates for 4 species: blue grosbeaks, 
indigo bunting, Northern bobwhite, and yellow-breasted chat (Table 3.10). All 
detection probability curves were best modeled using the half-normal key with 
cosine expansion. No covariates were found to affect detection parameters using 
Program DISTANCE 6.2. Only Northern bobwhites and yellow-breasted chats 
had enough detections to run analyses on >1 stand type. Northern bobwhite 
density was low and similar in S08 and E13 stands. Yellow-breasted chat density 
in S08 stands (0.16/ha) was double that in E13 stands (0.08/ha), although 95% 
confidence intervals overlapped. Yellow-breasted chat density was similar in both 
stand types in 2015. The most abundant bird in both years was indigo buntings in 
E13 stands at 0.14 and 0.22 individuals per ha in 2014 and 2015, respectively.  
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DISCUSSION 
 
Assessments of species richness, diversity, abundance, and community 
composition are important for determining the magnitude of change caused by 
exotic monocultures (Christensen et al. 1996, Canterbury et al. 2000, Sage et al. 
2006, Schulz et al. 2009).  Implications of plantation species conversion from 
slash pine to Camden white gum has not been explored in the Western Gulf 
Coastal Plain and conflicting results exist for earlier studies of eucalyptus and 
other SRWC plantations. On the one hand, few studies have found richness and 
diversity comparable to native forests (Berg 2002, John and Kabigumila 2011), 
woodlands (Sax 2002), and rainforests (Trainor 2005). On the other hand, the 
majority of studies have found lower diversity when compared to other 
monocultures (Pina 1989, Proença et al. 2010, Calviño-Cancela 2013, de la Hera 
et al. 2013, Kottawa-Arachchi and Gamage 2015) as well as natural forests 
(Christian et al. 1997, Marsden 2001,  Riffell et al. 2011, Calviño-Cancela 2013, 
de la Hera et al. 2013, Cal-IPC 2015), bottomlands (Riffell et al. 2011), gardens, 
reservoirs and wetlands (Kottawa-Arachchi and Gamage 2015). Contrary to the 
majority of previous SRWC avifauna biodiversity studies, I found 1-2-year-old 
eucalyptus stands supported similar species richness and diversity to 6-7 year-
old pine stands.   
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Previous investigations have also found lower avian abundance when 
compared to native woodlands (Christian et al. 1998, Berg 2002) and greater 
abundance compared to land used for agriculture (Christian et al. 1998, Berg 
2002, Sage et al. 2006, Schulz et al. 2009). I observed more birds overall in E13 
stands than either age class of pine. These results are similar to American and 
European poplar and willow SRWC studies that found the greatest abundance of 
birds during the shrub-like development stage of these SRWCs (Dhondt and 
Sydenstricker 2000, Berg 2002, Sage et al. 2006, Baum et al. 2009, Schulz et al. 
2009, Brockerhoff et al 2013). Numbers of species detections also varied less in 
E13 stands than in pines of either age, suggesting stability of avifauna 
assemblages within the first two years of plantation establishment. This is 
contrary to Riffell et al. (2011) who found more variability in poplar and 
cottonwood SRWCs than reference hardwood forests.  
Species-stand type associations were most similar between E13 and S08 
stands. However, each stand type exhibited different dominant species. Indigo 
buntings were more prevalent in E13 while yellow-breasted chats were the 
dominant species of S08 stands. Indigo bunting abundance and densities are 
greatest in pine plantations between 2 – 4 years-old when herbaceous and 
shrubby growth is dominant (Dickson et al. 1993b, Allen et al. 1996, Owens et al. 
2014); therefore, it may be that S08 stands were already reaching a point of 
declining suitability for these birds. However, density estimates for indigo 
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buntings in E13 stands increased from 2014 to 2015, suggesting the eucalyptus 
stands were not reaching that point despite the rapid growth of trees. These 
results are similar to those of Wilson and Twedt (2003) and Riffell et al. (2011) 
who found indigo buntings to be characteristic of dense, shrubby habitat found in 
cottonwood plantations. Indigo bunting densities in eucalyptus stands were 
greater than most reports from Illinois, but less than those recorded by Graber 
and Graber in 1963 in edge and shrub vegetation communities (BNA 2015). 
Yellow-breasted chats are characteristic of pine plantations from 3 – 25 years-old 
and were found in greater densities in S08 stands than E13s (Dickson et al. 
1993b). Additionally, blue grosbeaks, which decline in abundance in pine 
plantations once they reach 3 years of age (Dickson et al. 1993b), increased in 
abundance and density in E13 stands. Blue grosbeak densities in eucalyptus 
stands were greater than those recorded in mature longleaf pine (Pinus palustris)  
in Florida and mixed loblolly-shortleaf pine stands in E. Texas (Dickson and 
Segelquist 1979, Baker 1989, BNA 2015). These results indicate that while E13 
and S08 species-stand associations are similar, E13 successional age is more 
intermediate to that found in S13 and S08 stands. For example, herbaceous 
growth was still dominant in the understory of E13 and S13 stands while the 
understory of S08 stands were dominated more by shrubs and more shade 
tolerant vegetation. 
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Northern bobwhite, a species of conservation concern, was also detected 
frequently in E13 stands. Northern bobwhite densities in these stands may be 
attributed to the pulse of important food plants that follow 1-2 years after 
mechanical and chemical site preparation and lack of thick vegetation (Felix 
1986, Wigley 1986, Parnell 1998, Jones 2008, Baum et al. 2009, Jones et al. 
2009). However, densities were lower than those found in areas actively 
managed for Northern bobwhites (Kellogg et al. 1972, Dimmick 1992, Davidson 
et al. 1994) or in forested and rangeland vegetation communities (Guthery 1988, 
BNA 2015). Conversely, another early-successional species, Bachman’s 
sparrow, was not detected in E13 stands, but was detected in both age classes 
of pines. Rigorous eucalyptus site preparation and rapid growth of the trees may 
prevent development of the mature bunch grass structure typical of good 
Bachman’s sparrow habitat (Plentovich et al. 1998, Dickson 2000, Allen and Burt 
2014).  
Previous studies observed distinctly different avian communities between 
cottonwood plantations and bottomland hardwoods (Wilson and Twedt 2003) as 
well as eucalyptus woodlands and native forests (Sax 2002, Proença et al. 2010, 
John and Kabigumila 2011), rainforests (Trainor 2005), and pine plantations 
(Proença et al. 2010). However, these studies compared structurally dissimilar 
forest types that were managed very differently. My stand types had more similar 
silvicultural pracites. Opportunistic foragers such as indigo and painted buntings 
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as well as shrub nesters such as brown thrashers were more abundant in E13 
stands than in S08 stands. This may have been due to increased available 
forage substrate as these young plantations have greater structural diversity than 
older pine plantations that are nearing canopy closure. High abundance of shrub-
associated birds is typical of SRWC stands (Berg 2002, Riffell et al. 2011). 
Abundance of foliage gleaners such as hooded warblers in E13 stands was often 
intermediate between the different pine age classes. This may reflect the greater 
height of eucalyptus trees that provides some structure for these species but less 
development of shrubby layers to reach heights found in S08 stands.  
Mature forest-associated birds such as blue jay (Cyanocitta cristata) and 
tufted titmouse (Baeolophus bicolor) were detected infrequently in all stand 
types. However, wood thrush was detected only in S08 stands. These 
observations are similar to those obtained in other SRWCs (Couto and Betters 
1995, Christian et al. 1997, Christian et al. 1998, Schulz et al. 2009, Riffel et al. 
2011) and eucalyptus plantations (John and Kabigumila 2011, Calviño-Cancela 
et al. 2013, de la Hera et al. 2013) where mature forest-associated birds were 
rarely detected. It is possible that eucalyptus trees provided less stable substrate 
for nesting of some shrub and canopy-nesting species such as mourning doves 
and prairie warblers because these trees have smaller diameters relative to 
height compared to pines.    
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Eucalyptus plantations may be unfavorable to species that are open 
habitat specialists. Several authors warn that SRWC plantations may be 
detrimental to grassland birds, causing routine displacement through rapid crop 
growth (Christian et al. 1998, Berg 2002, Sage et al. 2006, Brockerhoff et al. 
2013, de la Hera et al. 2013). Common nighthawks, Eastern kingbirds, and 
Eastern meadowlarks are open canopy-associated birds and species of 
conservation concern that may be negatively affected. I found similar 
abundances of common nighthawks throughout all stand types; however, 
Eastern kingbirds and Eastern meadowlarks were more abundant in S13 stands 
than in other stand types. It is possible that these species’ preferred habitat will 
have a shorter return time due to the short rotation length in eucalyptus; yet, the 
intense site preparation and rapid growth of these and other SRWCs may 
preclude a well-developed herbaceous community. 
Cavity nesting birds may also be affected negatively by SRWC plantations 
because trees may not develop larger diameter stems that are needed for cavity 
development (Couto and Betters 1995, Christian et al. 1998, Carnus 2006, John 
and Kabigumila 2007, Sage and Robertson 2010, Riffell et al. 2011, Calviño-
Cancela 2013, de la Hera et al. 2013, Vance et al. 2014). Snags and snag dbh 
were among the top occupancy predictor variables, especially among early 
successional and cavity-nesting species. Snag retention in plantations may 
mediate this effect as cavity nesting species such as American kestrel, Eastern 
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bluebird (Sialia sialis), and red-headed woodpecker were observed in E13 stands 
with snags in 2014. However, snag availability and red-headed woodpecker 
occupancy estimates decreased between years, perhaps reflecting a loss of 
snags.  
Most of the previous literature compares eucalyptus and other SRWC 
plantations to native forests and not similar land use or management strategies. 
These dissimilarities may be why these studies have found lower abundances of 
forest-associated species since biodiversity response to SRWCs depends largely 
on the habitat that is being replaced as well as landscape context (Chrisitian et 
al. 1997, Brockerhoff et al. 2008, Baum et al. 2009, Schulz et al. 2009, John and 
Kabigumila 2011, Riffell et al. 2011, Guénette and Villard 2004). Various studies 
found bird diversity to be correlated to understory diversity (Stallings 1991, Couto 
and Betters 1995, Brockerhoff 2013) and structure (Wilson and Twedt 2003). 
Furthermore, reduced understory diversity can lead to reduced prey availability 
(Chey et al. 1997, Sperry et al. 2008, Moorman et al. 2012, Higgens et al. 2014) 
which has also been linked to reduced avian diversity in SRWC stands (Pina 
1989, Proença et al. 2010, de la Hera et al. 2013).   
Preliminary results indicate similar understory diversity in E13 and S13 
stands (De Stefano, unpublished data), and I observed similar arthropod 
availability in all stand types (see Chapter 2). Therefore, early stage eucalyptus 
plantations with diverse understory vegetation will support avifauna prey 
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(Forsman 1998, Jones et al. 2009). I found prey availability to vary slightly in 
importance for species occupancy as it was an influential factor of occupancy for 
only 25% of species in 2014, yet was the most influential factor for 44% of 
species in 2015. This may have been because prey was more limited in 2015 
due to extensive rain and localized flooding (see Chapter 2). Although prey 
availability may not be a limiting factor for habitat suitability overall, it may be a 
limiting factor when prey is restricted.  
Overall, conversion of pine plantations to eucalyptus has not distinctly 
changed species composition during the first two growing seasons. Eighty 
percent of species were positively associated with E13 stands which indicated 
stand type was the most influential occupancy predictor in 2014. These species, 
Northern bobwhite, painted bunting, brown thrasher, and red-headed 
woodpecker, represent a variety of community types. Half of these species are 
associated with open woodlands while the other half prefer shrubby vegetation 
types. These results further indicate that 1-2-year-old eucalyptus plantations 
supported an avian community that was intermediate to 1-2-year-old and 6-7-
year-old pine plantations. E13 stands attracted species associated with shrubby 
vegetation communities (similar to S08 stands) and some early successional and 
snag-dependent species similar to S13 stands. These structural similarities 
between eucalyptus and pine plantations can benefit avifauna by providing 
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increased forage availability and protective cover (Wilson and Twedt 2003, 
Schulz et al. 2009). 
Although my results and those of previous SRWC studies indicate 
increased abundance of shrub-associated species as well as similar richness 
and diversity to mid-rotation pines, avian communities will likely change as 
eucalyptus plantations age (Christian et al. 1997). Continuous monitoring and 
assessment of community composition, richness, and abundance is important for 
determining the magnitude of this change. Future investigations should also 
focus on nest success, fecundity, and survivorship compared to other plantations 
to better understand eucalyptus plantation effects on avifauna demographics 
(Van Horne 1983, Martin 1998, Jones 2001, Wood et al. 2004, Sage et al. 2006, 
Riffell et al. 2011). 
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Figure 3.1. Mean avian species richness in S13, E13, and S08 stands in 
Beauregard Parish, LA during the breeding seasons of 2014, 2015, and pooled 
among all years. Differing letters indicate significant differences between stand 
types within each year (2-way ANOVA). There was no significant stand type-year 
interaction (F=0.166, P=0.211). Error bars show ±1 standard error. 
 
 
Figure 3.2. Mean diversity (D) indices for S13, E13, and S08 stands in 
Beauregard Parrish, LA during the breeding seasons of 2014, 2015, and pooled 
among all years. Differing letters indicate significant differences between stand 
types in within each year (2-way ANOVA). There was no significant stand type-
year interaction (F=2.16, P=0.094). Error bars show ±1 standard error. 
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Figure 3.3. Ordination scatter plot using correspondence analysis t to show 
similarity among S13, E13, and S08 stands in Beauregard Parish, LA,  
averaged across breeding seasons of 2014 and 2015 with 95% confidence 
ellipses. 
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Figure  3.4. Ordination scatter plot using correspondence analysis to show species similarity among S13, 
E13, and S08 stands in Beauregard Parish, LA during breeding seasons of A) 2014 and B) 2015 with 95% 
confidence ellipses.  
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Table 3.1. Species detected in S13, E13, and S08 stands in Beauregard Parish, 
LA during breeding seasons of 2014 and 2015 along with corresponding guild 
associations and Partner’s in Flight (PIF) conservation concern scores (CCS). 
Species with no information in nesting substrate guild are considered a wintering 
species for the study area.  
 
Family Species Migratory Pattern PIF CCS 
Odontophoridae Northern Bobwhite resident 11 
Columbidae Mourning Dove resident 5 
Caprimulgidae Common Nighthawk migrant 11 
Accipitridae Broad-winged Hawk migrant 8 
Picidae  Red-headed Woodpecker resident 13 
Pileated Woodpecker resident 7 
Falconidae American Kestrel resident 11 
Tyrannidae Eastern Kingbird migrant 10 
Vireonidae White-eyed Vireo migrant 8 
Corvidae Blue Jay resident 8 
American Crow resident 6 
Hirundinidae Tree Swallow migrant 8 
Paridae Tufted Titmouse resident 8 
Troglodytidae Carolina Wren resident 7 
Turdidae Eastern Bluebird resident 7 
Wood Thrush migrant 14 
Mimidae Gray Catbird migrant 8 
Brown Thrasher resident 11 
Northern Mockingbird resident 8 
Bombycillidae Cedar Waxwing migrant 6 
Parulidae Hooded Warbler migrant 11 
Prairie Warbler migrant 13 
Yellow-breasted Chat migrant 9 
Emberizidae Eastern Towhee resident 11 
Bachman's Sparrow resident 14 
Cardinalidae Northern Cardinal resident 5 
Blue Grosbeak  migrant 8 
Indigo Bunting migrant 9 
Painted Bunting migrant 12 
Icteridae Eastern Meadowlark resident 11 
Brown-headed Cowbird resident 7 
Orchard Oriole migrant 9 
 122 
 
Table 3.2 Survey specific, habitat, and prey availability variables used as 
covariates in PRESENCE models for bird species occupancy and Program 
DISTANCE models for bird species density in E13, S13, and S08 stands in 
Beauregard Parish, LA during breeding seasons of 2014 and 2015.  
Covariate Type Variables Abbreviation 
Survey Specific Cloud Cover cloud 
Wind Speed wind 
Temperature temp 
Noise noise 
Survey Number survey 
Habitat Type Stand Type st 
 Stand Level Snags snag 
 
Snag DBH* sdbh 
 
% Cover 0-50 cm* veg0-50 
 
% Cover 51-150 cm* veg51-150 
 
% Cover 151-200 cm* veg151-200 
Landscape Level area area 
 
edge:area e:a 
 
adjacent clear cut stands adj cc 
 
adjacent eucalyptus stands adj euc 
 
adjacent mature pine stands adj mp 
Prey Availability arboreal arthropod totals Atotal 
arboreal arthropod diversity Adiv 
arboreal arthropod biomass* Abm 
terrestrial arthropod totals Ttotal 
terrestrial arthropod diversity Tdiv 
terrestrial arthropod biomass* Tbm 
 * indicates variable only collected in 2015
  
1
2
3 
Table 3.3. Bird species detection means, standard errors (SE), and Dunn’s test P-values for S13, E13, and 
S08 stands in Beauregard Parish, LA during breeding seasons of 2014 and 2015 combined. Means followed 
by the same letter within a row are not different following a significant (P<0.05) Dunn’s test result.  
 
  S13   E13   S08     
Common Name Mean  SE   Mean  SE   Mean  SE Type P Year P 
Northern Bobwhite 5.4 A 1.69 
 
7.2 A 1.30 
 
2.4 B 1.00 <0.001 <0.001 
Mourning Dove 7.2 A 1.61 
 
3.0 B 0.68 
 
6.9 A 1.95 <0.001 0.03 
Common Nighthawk 0.4 0.16 
 
0.5 0.27 
 
0.1 0.10 0.4 0.12 
Broad-winged Hawk - - 
 
0.1 0.10 
 
0.6 0.40 0.16 0.05 
Red-headed Woodpecker 6.2 A 1.67 
 
0.4 B 0.22 
 
0.1 B 0.10 <0.001 <0.001 
Pileated Woodpecker 0.1 0.10 
 
0.3 0.21 
 
0.7 0.33 0.13 <0.001 
American Kestrel 1.3 A 0.80 
 
0.1 B 0.10 
 
0 B - <0.001 <0.001 
Eastern Kingbird 3.6 A 1.03 
 
0 B - 
 
0 B - <0.001 <0.001 
White-eyed Vireo 0 A - 
 
2 B 0.70 
 
2.2 B 0.61 <0.001 <0.001 
Blue Jay - - 
 
0.3 0.21 
 
0.2 0.20 0.36 0.15 
American Crow 0.1 A 0.10 
 
4 B 1.14 
 
5.9 B 1.73 <0.001 <0.001 
Tree Swallow - - 
 
0.7 A 0.40 
 
0.2 0.13 0.23 0.32 
Tufted Titmouse - - 
 
0.4 0.31 
 
0.3 0.21 0.24 0.31 
Carolina Wren 0.1 A 0.10 
 
2.4 B 0.75 
 
5.3 C 0.99 <0.001 <0.001 
Eastern Bluebird 1.9 A 0.84 
 
0.1 B 0.10 
 
0 B - <0.001 <0.001 
Wood Thrush 0 A - 
 
0 A - 
 
0.7 B 0.33 0.02 0.15 
Gray Catbird 0.1 0.10 
 
0.4 0.27 
 
0.5 0.31 0.35 0.15 
Brown Thrasher 0.6 A 0.27 
 
4 B 0.87 
 
0.6 A 0.27 <0.001 <0.001 
Northern Mockingbird 3.7 A 1.11 
 
7.3 A 1.94 
 
1.1 B 0.89 <0.001 <0.001 
Cedar Waxwing - - 
 
3.2 2.22 
 
- - 0.13 0.07 
Hooded Warbler 0.2 A 0.20 
 
0.9 AB 0.60 
 
2.1 B 0.96 0.01 0.01 
Prairie Warbler 0.8 A 0.55 
 
2.1 A 0.75 
 
15.9 B 2.85 <0.001 <0.001 
Yellow-breasted Chat 0.4 A 0.16 
 
17.7 B 2.85 
 
29.6 C 4.26 <0.001 <0.001 
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Table 3.3 Continued.           
  S13  E13   S08   
Common Name Mean  SE   Mean  SE   Mean  SE Type P Year P 
Eastern Towhee 0.6 A 0.34 
 
1.7 A 1.05 
 
11.5 B 1.38 <0.001 <0.001 
Bachman's Sparrow 0.7 A 0.40 
 
0 B - 
 
0.5 AB 0.50 0.04 0.01 
Northern Cardinal 0 A - 
 
9.2 B 1.94 
 
8.6 B 1.77 <0.001 <0.001 
Blue Grosbeak 4.3 A 1.20 
 
8.4 B 1.48 
 
2.8 A 1.58 <0.001 <0.001 
Indigo Bunting 3.6 A 1.49 
 
29.9 B 2.73 
 
9.4 C 2.32 <0.001 <0.001 
Painted Bunting 0.1 A 0.10 
 
3 B 0.91 
 
0.2 A 0.13 <0.001 <0.001 
Eastern Meadowlark 23.2 A 3.86 
 
0.2 B 0.20 
 
0 B - <0.001 <0.001 
Brown-headed Cowbird - - 
 
- - 
 
0.6 0.43 0.13 0.55 
Orchard Oriole 1.2 A 0.89   1.9 A 1.37   0 B - 0.02 <0.001 
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Table 3.4. Number of candidate models used in yearly occupancy modeling for 
migratory birds and/or species of conservation concern detected in E13, S13, 
and S08 in Beauregard Parish, LA during breeding seasons of 2014 and 2015. 
 
Common Name Year Number of Candidate Models 
Northern Bobwhite 2014 15 
2015 18 
Common Nighthawk 2015 2 
Red-headed Woodpecker 2014 14 
2015 18 
American Kestrel 2014 13 
Eastern Kingbird 2014 13 
2015 16 
White-eyed Vireo 2014 13 
2015 22 
Gray Catbird 2014 13 
2015 14 
Brown Thrasher 2014 16 
2015 6 
Hooded Warbler 2014 16 
2015 21 
Prairie Warbler 2014 12 
2015 19 
Yellow-breasted Chat 2014 13 
2015 19 
Eastern Towhee 2014 13 
2015 21 
Bachman's Sparrow 2014 12 
2015 15 
Blue Grosbeak 2014 10 
2015 18 
Indigo Bunting 2014 11 
2015 1 
Painted Bunting 2014 13 
2015 20 
Eastern Meadowlark 2014 14 
2015 19 
Orchard Oriole 2015 21 
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Table 3.5. Summary of occupancy model selection results from Program PRESENCE for migratory birds 
and/or species of conservation concern detected S13, E13, and S08 stands in Beauregard Parish, LA during 
the breeding season of 2014. Only plausible models are shown (ΔAIC ≤2) and best fit models are denoted 
with an asterisk (*). The letter ѱ represents variables that affected the probability of occupancy in each 
model and p represents variables that affected the probability of detection. -2ll is 2 times the negative log 
likelihood and ĉ is chi-squared goodness of fit statistic.  
 
Species Models  AIC ΔAIC K -2ll ĉ 
Northern Bobwhite ѱ(st)p(cloud) 79.73 0 4 71.73 0.81 
ѱ(st+snag)p(cloud)* 80.58 0.85 5 70.58 0.82 
ѱ(snag)p(cloud) 80.73 1 4 72.73 0.84 
 
      
Red-headed Woodpecker ѱ(st)p(cloud+temp) 72.15 0 5 62.15 2.65 
ѱ(.)p(cloud+temp) 72.24 0.09 4 64.24 2.47 
ѱ(snag)p(cloud+temp) 72.89 0.74 5 62.89 2.35 
ѱ(Adiv)p(cloud+temp) 73.44 1.29 5 63.44 2.45 
ѱ(adj euc)p(cloud+temp) 73.61 1.46 5 63.61 2.38 
ѱ(st+snag)p(cloud+temp)* 73.8 1.65 6 61.8 2.36 
ѱ(adj mp)p(cloud+temp) 73.95 1.8 5 63.95 2.28 
ѱ(st+Adiv)p(cloud+temp) 74.12 1.97 6 62.12 2.52 
 
      
American Kestrel ѱ(snag+e:a)p(st)* 43.29 0 5 33.29 0.68 
ѱ(snag+Ttotal)p(st) 44.94 1.65 5 34.94 0.70 
 
      
Eastern Kingbird ѱ(snags)p(wind) 51.14 0 4 75.35 0.94 
       
White-eyed Vireo ѱ(st)p(cloud) 42.25 0 4 34.25 1.08 
ѱ(Tdiv)p(cloud) 42.39 0.14 4 34.39 1.25 
ѱ(st+Tdiv)p(cloud)* 42.39 0.14 5 32.39 1.21 
ѱ(.)p(cloud) 42.41 0.16 3 36.41 1.14 
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Table 3.5 Continued.        
Species Models  AIC ΔAIC K -2ll ĉ 
White-eyed Vireo ѱ(area)p(cloud) 43.39 1.14 4 35.39 1.13 
ѱ(adj cc)p(cloud) 43.81 1.56 4 35.81 1.31 
ѱ(e:a)p(cloud) 43.98 1.73 4 35.98 1.09 
ѱ(Adiv)p(cloud) 44.04 1.79 4 36.04 1.11 
ѱ(Ttotal)p(cloud) 44.1 1.85 4 36.1 1.22 
ѱ(Tdiv+Adiv)p(cloud) 44.24 1.99 5 34.24 1.37 
       
Gray Catbird ѱ(adj cc)p(cloud)* 26.71 0 4 18.71 0.91 
ѱ(.)p(cloud) 26.78 0.07 3 20.78 0.77 
ѱ(Atotal)p(cloud) 27.72 1.01 4 19.72 0.65 
ѱ(area)p(cloud) 27.77 1.06 4 19.77 0.94 
ѱ(adj mp)p(cloud) 27.86 1.15 4 19.86 0.82 
ѱ(Tdiv)p(cloud) 28.5 1.79 4 20.5 0.86 
ѱ(e:a)p(cloud) 28.51 1.8 4 20.51 0.86 
ѱ(adj cc+area)p(cloud) 28.54 1.83 5 18.54 0.90 
ѱ(Ttotal)p(cloud) 28.54 1.83 4 20.54 0.97 
ѱ(adj cc + adj mp)p(cloud) 28.56 1.85 5 18.56 0.95 
ѱ(Adiv)p(cloud) 28.66 1.95 4 20.66 0.77 
 
      
Brown Thrasher ѱ(st)p(wind) 56.46 0 4 48.46 0.76 
ѱ(st +Adiv)p(wind)* 58.35 1.89 5 48.35 0.73 
       
Hooded Warbler ѱ(Adiv)p(st) 33.88 0 4 25.88 0.97 
 ѱ(Adiv+e:a)p(st)* 35.71 1.83 5 25.71 0.96 
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Table 3.5 Continued.        
Species Models  AIC ΔAIC K -2ll ĉ 
Prairie Warbler ѱ(st)p(st) 56.53 0 4 48.53 1.13 
ѱ(st+Ttotal)p(st) 57.18 0.66 5 47.19 1.12 
ѱ(Ttotal)p(st) 57.94 1.41 4 49.94 0.69 
ѱ(.)p(st) 58 1.47 3 52 0.65 
ѱ(st+Ttotal+area)p(st) 58.46 1.93 6 46.46 1.13 
 
      
Yellow-breasted Chat ѱ(e:a)p(st) 68 0 4 60 3.17 
ѱ(.)p(st) 68.57 0.57 3 62.57 3.23 
ѱ(area)p(st) 69.75 1.75 4 61.75 3.14 
ѱ(e:a+Ttotal)p(st)* 69.91 1.91 5 59.91 2.98 
       
Eastern Towhee ѱ(.)p(st) 69.63 0 3 63.63 0.78 
ѱ(e:a)p(st) 70 0.37 4 62 0.79 
ѱ(area)p(st)* 70.81 1.18 4 62.81 0.80 
ѱ(Adiv)p(st) 70.94 1.31 4 62.94 0.81 
ѱ(Tdiv)p(st) 71.33 1.7 4 63.33 0.79 
ѱ(st)p(st) 71.48 1.85 4 63.48 0.82 
ѱ(Atotal)p(st) 71.53 1.9 4 63.53 0.80 
ѱ(adjmp)p(st) 71.6 1.97 4 63.6 0.78 
ѱ(Ttotal)p(st) 71.63 2 4 63.63 0.78 
 
      
Bachman's Sparrow ѱ(Adiv)p(st) 24.59 0 4 16.59 1.09 
 
      
Blue Grosbeak ѱ(.)p(st) 91.6 0 3 85.6 0.93 
ѱ(e:a)p(st)* 91.81 0.21 4 83.81 0.92 
ѱ(adj cc)p(st) 92.41 0.81 4 84.41 0.90 
ѱ(Adiv)p(st) 93.1 1.5 4 85.1 0.90 
ѱ(adj mat pine)p(st) 93.17 1.57 4 85.17 0.91 
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Table 3.5 Continued.        
Species Models  AIC ΔAIC K -2ll ĉ 
Blue Grosbeak ѱ(Atotal)p(st) 93.22 1.62 4 85.22 0.93 
ѱ(Ttotal)p(st) 93.32 1.72 4 85.32 0.92 
ѱ(st)p(st) 93.38 1.78 4 85.38 0.93 
ѱ(Tdiv)p(st) 93.55 1.95 4 85.55 0.92 
       
Indigo Bunting ѱ(.)p(noise+temp) 60.16 0 4 52.16 3.26 
ѱ(e:a)p(noise+temp)* 60.71 0.55 5 50.71 3.08 
ѱ(area)p(noise+temp) 61.61 1.45 5 51.61 3.27 
ѱ(Adiv)p(noise+temp) 62.04 1.88 5 52.04 3.01 
ѱ(Atotal)p(noise+temp) 62.12 1.96 5 52.12 3.34 
ѱ(Tdiv)p(noise+temp) 62.15 1.99 5 52.15 3.14 
ѱ(st)p(noise+temp) 62.16 2 5 52.16 3.01 
ѱ(adj mp)p(noise+temp) 62.16 2 5 52.16 3.05 
ѱ(Ttotal)p(noise+temp) 62.16 2 5 52.16 3.14 
 
      
Painted Bunting ѱ(.)p(st) 51.92 0 3 45.92 0.98 
ѱ(area)p(st)* 52.29 0.37 4 44.29 0.92 
ѱ(Atotal)p(st) 53.15 1.23 4 45.15 1.05 
ѱ(Ttotal)p(st) 53.59 1.67 4 45.59 1.00 
ѱ(Adiv)p(st) 53.91 1.99 4 45.91 1.00 
ѱ(Tdiv)p(st) 53.92 2 4 45.92 0.98 
       
Eastern Meadowlark ѱ(Adiv+Atotal)p(st) 46.52 0 5 36.52 2.25 
ѱ(Adiv+Atotal+area)p(st)* 46.62 0.1 6 34.62 2.08 
ѱ(.)p(st) 46.8 0.28 3 40.8 2.86 
ѱ(area)p(st) 46.97 0.45 4 38.97 2.50 
ѱ(Adiv)p(st) 47.07 0.55 4 39.07 2.62 
ѱ(area+Adiv)p(st) 47.11 0.59 5 37.11 2.47 
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Table 3.5 Continued.        
Species Models  AIC ΔAIC K -2ll ĉ 
Eastern Meadowlark ѱ(e:a)p(st) 47.57 1.05 4 39.57 2.50 
ѱ(Atotal)p(st) 48.08 1.56 4 40.08 2.64 
ѱ(Adiv+Atotal+area+adj mp)p(st) 48.26 1.74 7 34.26 2.00 
ѱ(Adiv+Atotal+adj mp)p(st) 48.31 1.79 6 36.31 2.12 
ѱ(adj mp)p(st) 48.38 1.86 4 40.38 2.88 
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Table 3.6. Summary of occupancy model selection results from Program PRESENCE for migratory birds 
and/or species of conservation concern detected S13, E13, and S08 stands in Beauregard Parish, LA during 
the breeding season of 2015. Only plausible models are shown (ΔAIC ≤2) and best fit models are denoted 
with an asterisk (*). The letter ѱ represents variables that affected the probability of occupancy in each 
model and p represents variables that affected the probability of detection. -2ll is 2 times the negative log 
likelihood and ĉ is chi-squared goodness of fit statistic. 
 
Species Models AIC ΔAIC K -2ll ĉ 
Northern Bobwhite ѱ(Adiv)p(wind) 99.6 0 4 91.6 1.19 
ѱ(Adiv+st)p(wind)* 100.82 1.22 5 90.82 1.14 
ѱ(.)p(wind) 101.1 1.5 3 95.1 1.18 
ѱ(Ttotal)p(wind) 101.37 1.77 4 93.37 1.13 
ѱ(Adiv+Ttotal)p(wind) 101.43 1.83 5 91.43 1.16 
 
      
Common Nighthawk ѱ(e:a)p(cloud)* 47.03 0 4 39.03 0.59 
ѱ(area)p(cloud) 47.11 0.08 4 39.11 0.51 
 
      
Red-headed Woodpecker ѱ(sdbh+Adiv)p(noise)* 48.64 0 5 38.64 1.16 
ѱ(sdbh)p(noise) 50.24 1.6 4 42.24 1.17 
 
      
Eastern Kingbird ѱ(sdbh)p(noise+cloud)* 52.93 0 5 42.93 0.74 
       
White-eyed Vireo ѱ(Adiv+Tbm)p(cloud) 85.52 0 5 75.52 1.06 
ѱ(adj cc)p(cloud) 85.62 0.1 4 77.62 1.02 
ѱ(Adiv)p(cloud) 85.66 0.14 4 77.66 1.05 
ѱ(Tbm)p(cloud) 86.68 0.16 4 77.68 1.02 
ѱ(Adiv+Tbm+adj cc)p(cloud) 86.52 1 6 74.52 1.03 
ѱ(Adiv+Tbm+adj cc+st)p(cloud)* 86.52 1 6 74.52 1.03 
ѱ(.)p(cloud) 86.59 1.07 3 80.59 1.03 
ѱ(Tdiv)p(cloud) 86.84 1.32 4 78.84 1.04 
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Table 3.6 Continued.       
Species Models AIC ΔAIC K -2ll ĉ 
White-eyed Vireo ѱ(e:a)p(cloud) 86.87 1.35 4 78.87 1.02 
ѱ(Adiv+Tbm+e:a)p(cloud) 86.94 1.42 6 74.94 1.04 
ѱ(Atotal)p(cloud) 87.07 1.55 4 79.07 1.03 
ѱ(Adiv+Tbm+st)p(cloud) 87.22 1.7 6 75.22 1.03 
ѱ(adj euc)p(cloud) 87.27 1.75 4 79.27 1.07 
 
      
Gray Catbird ѱ(Tdiv)p(cloud+wind)* 48.03 0 5 38.03 1.07 
ѱ(st)p(cloud+wind) 49.21 1.18 5 39.21 0.90 
ѱ(.)p(cloud+wind) 49.41 1.38 4 41.41 0.76 
ѱ(adj cc)p(cloud+wind) 49.99 1.96 5 39.99 0.84 
 
      
Brown Thrasher ѱ(st)p(.) 91.86 0 3 85.86 1.31 
ѱ(st+e:a)p(.)* 92.19 0.33 4 84.19 1.28 
ѱ(e:a)p(.) 92.85 0.99 3 86.85 1.30 
ѱ(sdbh)p(.) 92.86 1 3 86.86 1.30 
ѱ(snag)p(.) 92.89 1.03 3 86.89 1.37 
ѱ(area)p(.) 92.93 1.07 3 86.93 1.33 
 
      
Hooded Warbler ѱ(.)p(temp) 65.9 0.54 3 59.9 0.78 
ѱ(veg0-50)p(temp)* 66.88 0.98 4 58.88 0.77 
ѱ(Abm)p(temp) 66.89 1.53 4 58.89 0.79 
ѱ(st)p(temp) 67.48 1.58 4 59.48 0.78 
ѱ(adj cc)p(temp) 67.68 1.78 4 59.68 0.76 
ѱ(Atotal)p(temp) 67.72 1.82 4 59.72 0.79 
ѱ(Tdiv)p(temp) 67.74 1.84 4 59.74 0.77 
ѱ(e:a)p(temp) 67.8 1.9 4 59.8 0.78 
ѱ(adj mp)p(temp) 67.82 1.92 4 59.82 0.78 
ѱ(Adiv)p(temp) 67.87 1.97 4 59.87 0.74 
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Table 3.6 Continued.       
Species Models AIC ΔAIC K -2ll ĉ 
Hooded Warbler ѱ(Tbm)p(temp) 67.89 1.99 4 59.89 0.78 
ѱ(Ttotal)p(temp) 67.89 1.99 4 59.89 0.76 
ѱ(area)p(temp) 67.9 2 4 59.9 0.78 
ѱ(adj euc)p(temp) 67.9 2 4 59.9 0.78 
 
      
Prairie Warbler ѱ(Adiv+Tbm)p(st) 85.55 0 5 75.55 0.75 
ѱ(Adiv+Tbm+adj cc)p(st)* 85.65 0.1 6 73.65 0.78 
ѱ(Adiv)p(st) 85.8 0.25 4 77.8 0.75 
ѱ(Tbm)p(st) 86.89 1.34 4 78.89 0.74 
ѱ(adj cc)p(st) 87.51 1.96 4 79.51 0.75 
 
      
Yellow-breasted Chat ѱ(veg0-50)p(temp+noise) 62 0 5 52 4.06 
ѱ(Adiv)p(temp+noise)* 62.07 0.7 5 52.07 3.72 
ѱ(veg0-50+st)p(temp+noise) 63.29 1.29 6 51.29 4.63 
       
Eastern Towhee ѱ(Tdiv+st)p(temp+wind) 81.56 0 6 69.56 1.14 
ѱ(Tdiv+st+veg0-50)p(temp+wind)* 81.66 0.1 7 67.66 1.12 
ѱ(Tdiv+Atotal)p(temp+wind) 82.07 0.51 6 70.07 1.16 
ѱ(Tdiv)p(temp+wind) 82.6 1.04 5 72.6 1.09 
ѱ(Tdiv+veg51-150)p(temp+wind) 83.29 1.73 7 69.29 1.12 
ѱ(Atotal)p(temp+wind) 83.36 1.8 5 73.36 1.18 
ѱ(st)p(temp+wind) 83.55 1.99 5 73.55 1.18 
ѱ(Tdiv+st+veg151-200)p(temp+wind) 83.56 2 7 69.56 1.13 
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Table 3.6 Continued.       
Species Models AIC ΔAIC K -2ll ĉ 
Bachman's Sparrow ѱ(e:a)p(cloud) 34.88 0 4 26.88 1.50 
ѱ(.)p(cloud) 36.19 1.31 3 30.19 1.47 
ѱ(area)p(cloud) 36.36 1.48 4 28.36 1.48 
ѱ(Tbm)p(cloud) 36.57 1.69 4 28.57 2.50 
ѱ(e:a+Tbm)p(cloud)* 36.7 1.82 5 26.7 1.64 
 
      
Blue Grosbeak ѱ(Tdiv)p(wind) 73.85 0 4 65.85 1.01 
 
      
Indigo Bunting ѱ(.)p(.) 84.28 0 2 80.28 2.83 
 
      
Painted Bunting ѱ(Adiv)p(st) 49.74 0.36 4 41.74 0.92 
ѱ(adj euc+Adiv)p(st)* 50.13 0.75 5 40.13 0.82 
ѱ(Ttotal)p(st) 50.37 0.99 4 43.37 0.77 
ѱ(veg51-150)p(st) 50.43 1.05 4 42.43 1.05 
ѱ(.)p(st) 51.49 1.75 3 45.49 0.90 
 
      
Eastern Meadowlark ѱ(sdbh+Adiv)p(noise+cloud) 28.76 0 6 16.76 8.45 
ѱ(sdbh)p(noise+cloud) 30.19 1.22 5 20.19 2.93 
ѱ(sdbh+Adiv+e:a)p(noise+cloud)* 30.44 1.68 7 16.44 2.07 
 
      
Orchard Oriole ѱ(area)p(cloud+wind) 40.07 0 5 30.07 0.63 
ѱ(veg0-50)p(cloud+wind) 40.96 0.89 5 30.96 0.49 
ѱ(e:a)p(cloud+wind) 41.79 1.72 5 31.79 0.60 
ѱ(area+Atotal)p(cloud+wind)* 1.86 1.86 6 29.93 0.67 
ѱ(area+st)p(cloud+wind) 41.95 1.88 6 29.95 0.68 
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Table 3.7. Naïve occupancy estimates, model occupancy estimates (ѱ), and detection probability estimates 
(p) from Program PRESENCE of migratory birds and/or species of conservation concern detected in S13, 
E13, and S08 stands in Beauregard Parish, LA during the breeding seasons of 2014 and 2015 
 
    Naïve 
Occupancy 
Estimate 
S13   E13   S08  
Species Year ѱ  p   ѱ  p   ѱ  p 
Northern Bobwhite 2014 0.60 0.80 0.43  0.92 0.41  0.13 0.42 
2015 0.87 0.97 0.61  0.92 0.63  0.73 0.64 
Common Nighthawk 2015 0.40 0.71 0.12  0.63 0.13  0.64 0.13 
Red-headed Woodpecker 2014 0.47 0.61 0.43  0.74 0.37  0.24 0.40 
2015 0.33 0.72 0.62  0.25 0.60  0.07 0.70 
American Kestrel 2014 0.27 0.66 0.53  0.28 0.10  0.06 0.92 
Eastern Kingbird 2014 0.33 0.62 0.33  0.41 0.37  0.08 0.42 
2015 0.33 0.59 0.49  0.38 0.47  0.09 0.58 
White-eyed Vireo 2014 0.27 0.25 0.47  0.49 0.40  0.09 0.43 
2015 0.60 0.43 0.52  0.65 0.53  0.74 0.52 
Gray Catbird 2014 0.13 0.10 0.26  0.22 0.23  0.22 0.23 
2015 0.33 0.45 0.14  0.55 0.17  0.84 0.16 
Brown Thrasher 2014 0.40 0.35 0.33  0.85 0.42  0.05 0.52 
2015 0.80 0.97 0.31  0.97 0.31  0.62 0.31 
Hooded Warbler 2014 0.20 0.15 0.29  0.08 0.15  0.43 0.48 
2015 0.40 0.39 0.45  0.48 0.51  0.43 0.52 
Prairie Warbler 2014 0.47 0.45 0.68  0.18 0.39  0.78 0.88 
2015 0.73 0.62 0.50  0.79 0.26  0.83 0.73 
Yellow-breasted Chat 2014 0.73 0.65 0.86  0.76 0.73  0.79 0.93 
2015 0.80 0.69 0.77  0.91 0.85  0.8 0.90 
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Table 3.7 Continued.            
    Naïve 
Occupancy 
Estimate 
S13   E13  S08 
Species Year ѱ  p   ѱ  p   ѱ  p 
Eastern Towhee 2014 0.60 0.45 0.47  0.65 0.16  0.68 0.78 
2015 0.67 0.62 0.61  0.39 0.68  0.99 0.69 
Bachman's Sparrow 2014 0.13 0.37 0.08  0.43 0.01  0.28 0.61 
2015 0.20 0.36 0.28  0.19 0.27  0.14 0.27 
Blue Grosbeak 2014 0.73 0.72 0.80  0.84 0.90  0.86 0.74 
2015 0.80 0.93 0.78  0.86 0.80  0.61 0.81 
Indigo Bunting 2014 0.67 0.60 0.80  0.70 0.90  0.7 0.74 
2015 1.00 1.00 0.77  1.00 0.77  1.00 0.77 
Painted Bunting 2014 0.33 0.79 0.08  0.79 0.45  0.98 0.01 
2015 0.33 0.45 0.23  0.60 0.57  0.26 0.06 
Eastern Meadowlark 2014 0.40 0.70 0.88  0.67 0.06  0.28 0.99 
2015 0.33 0.69 0.92  0.24 0.99  0.07 0.94 
Orchard Oriole 2015 0.27 0.33 0.49  0.38 0.51  0.1 0.54 
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Table 3.8. Akaike weights (wi) from Program PRESENCE summed for models 
with a ΔAIC ≤2 for migratory birds and/or species of conservation concern 
detected in S13, E13, and S08 stands in Beauregard Parish, LA during the 
breeding season of 2014 to show parameter importance to species occupancy.  
 
Taxon Parameters Ʃwi Association 
Northern Bobwhite 
  st 0.5877 + 
snag 0.4479 + 
Red-headed Woodpecker 
  st 0.2794 + 
snag 0.1741 + 
Adiv 0.1385 + 
adj euc 0.0743 + 
adj mp 0.0627 + 
American Kestrel 
  snag 0.3083 + 
e:a 0.3083 + 
Ttotal 0.1351 + 
Eastern Kingbird 
  snag 0.5837 + 
White-eyed Vireo 
  Tdiv 0.2972 - 
st 0.2591 + 
Adiv 0.102 - 
area 0.0758 - 
adj cc 0.0615 + 
e:a 0.0565 + 
Ttotal 0.0532 + 
Gray Catbird 
  adj cc 0.2779 + 
area 0.1529 - 
adj mp 0.1483 - 
Atotal 0.0933 - 
Tdiv 0.0632 + 
e:a 0.0629 + 
Ttotal 0.0619 - 
Adiv 0.0583 - 
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Table 3.8 Continued.    
Taxon Parameters Ʃwi Association 
Brown Thrasher 
  st 0.4894 + 
Adiv 0.137 - 
Hooded Warbler 
  Adiv 0.0844 - 
e:a 0.0815 + 
Prairie Warbler 
  st 0.4101 - 
Ttotal 0.2825 - 
area 0 - 
Yellow-breasted Chat 
  e:a 0.3328 - 
area 0.1002 + 
Ttotal 0.0925 - 
Eastern Towhee 
  edge:area 0.1359 - 
area 0.0907 + 
Adiv 0.085 - 
Tdiv 0.0699 - 
st  0.0649 - 
Atotal 0.0633 + 
Adj mp 0.0611 - 
Ttotal  0.0602 - 
Bachman's Sparrow 
  Adiv 0.397 + 
Blue Grosbeak 
  edge:area 0.1191 - 
adjacent clearcut 0.1191 - 
Adiv 0.0844 - 
adj mat pine 0.0815 + 
Atotal 0.0794 + 
Ttotal 0.0756 - 
stand type 0.0733 - 
Tdiv 0.0674 - 
Indigo Bunting 
  e:a 0.1533 - 
area 0.0978 + 
Adiv 0.0789 - 
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Table 3.8 Continued.    
Taxon Parameters Ʃwi Association 
Indigo Bunting   
Atotal 0.0758 + 
Tdiv 0.0746 - 
st 0.0743 - 
adj mp 0.0743 + 
Ttotal 0.0743 - 
Painted Bunting 
  area 0.2055 + 
Atotal 0.1337 - 
Ttotal 0.1073 + 
Adiv 0.0914 + 
Tdiv 0.091 + 
Eastern Meadowlark 
  Adiv 0.5135 + 
Atotal 0.3874 - 
area 0.3486 - 
adj mp 0.1462 - 
e:a 0.0708 + 
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Table 3.9. Akaike weights (wi) from Program PRESENCE summed for models 
with a ΔAIC ≤2 for migratory birds and/or species of conservation concern 
detected in S13, E13, and S08 stands in Beauregard Parish, LA during the 
breeding season of 2015 to show parameter importance to species occupancy. 
 
Taxon Parameters Ʃwi Association 
Northern Bobwhite 
  Adiv 0.3416 + 
Ttotal 0.1429 - 
st  0.0955 + 
Common Nighthawk 
  e:a 0.3533 + 
area 0.3395 - 
snag 0.3072 + 
Red-headed Woodpecker 
  sdbh 0.6167 + 
Adiv 0.4255 + 
Eastern Kingbird 
  sdbh 0.3841 + 
White-eyed Vireo 
  Adiv 0.7047 - 
Tbm 0.7984 + 
adj cc 0.2028 - 
st 0.0969 - 
Tdiv 0.0484 - 
e:a 0.0477 - 
Atotal 0.0432 + 
adj euc 0.0391 + 
Gray Catbird 
  Tdiv 0.2102 - 
st 0.1165 - 
adj cc 0.0789 - 
Brown Thrasher 
  st 0.4351 + 
e:a 0.3431 + 
sdbh 0.1428 + 
snag 0.1407 + 
area 0.1379 - 
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Table 3.9 Continued.   
Taxon Parameters Ʃwi Association 
Hooded Warbler 
  veg0-50 0.073 - 
Abm 0.0726 + 
st 0.0541 - 
adj cc 0.0489 - 
Atotal 0.048 + 
Tdiv 0.0475 - 
e:a 0.0461 - 
sdbh 0.0456 - 
adj mp 0.0456 + 
Adiv 0.0445 - 
Tbm 0.0441 - 
Ttotal 0.0441 - 
area 0.0438 + 
adj euc 0.0438 - 
Prairie Warbler 
  Adiv 0.5642 - 
Tbm 0.4904 + 
adj cc 0.2641 - 
Yellow-breasted Chat 
  veg0-50 0.3197 - 
Adiv 0.2025 - 
st 0.11 + 
Eastern Towhee 
  Tdiv 0.7137 - 
st 0.467 - 
Atotal 0.2052 + 
veg0-50 0.1652 + 
veg50-150 0.0731 - 
veg151-200 0.0639 + 
Bachman's Sparrow 
  e:a 0.2735 + 
area 0.0931 - 
Tbm 0.1623 - 
Blue Grosbeak 
  Tdiv 0.5652 + 
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Table 3.9 Continued.   
Taxon Parameters Ʃwi Association 
Painted Bunting 
  Adiv 0.3531 + 
adj euc 0.1594 + 
Ttotal 0.1414 - 
veg51-150 0.1372 - 
Eastern Meadowlark 
  sdbh 0.7067 + 
Adiv 0.5473 + 
e:a 0.1473 + 
Orchard Oriole 
  area 0.4622 - 
veg0-50 0.1659 - 
e:a 0.1096 + 
Atotal 0.1022 - 
st 0.1011 - 
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Table 3.10. Density estimates (numbers of individuals/ha), standard errors (SE), and 95% confidence 
intervals (95% CI) from Program DISTANCE of birds with ≥60 detections per stand type (S13, E13, S08) in 
Beauregard Parish, LA during the breeding seasons of 2014 and 2015.  
 
    S13   E13   S08 
Species Year Density SE 95% CI   Density SE 95% CI   Density SE 95% CI 
Northern 
Bobwhite 
2014 0.03 0.02 0.01 - 0.13 
 
0.02 0.01 0.01 - 0.06 
 
- - - 
2015 0.03 0.02 0.01 - 0.08 
 
0.03 0.02 0.01 - 0.10 
 
- - - 
             
Yellow-
breasted 
Chat 
2014 - - - 
 
0.08 0.04 0.04 - 0.21 
 
0.16 0.06 0.07 - 0.36 
2015 
    
0.15 0.06 0.06 - 0.36 
 
0.11 0.04 0.05 - 0.25 
             
Blue 
Grosbeak 
2014 - - - 
 
0.05 0.02 0.02 - 0.14 
 
- - - 
2015 - - - 
 
0.09 0.03 0.03 - 0.19 
 
- - - 
             
Indigo 
Bunting 
  
2014 - - - 
 
0.14 0.05 0.06 - 0.32 
 
- - - 
2015 - - -   0.22 0.09 0.11 - 0.53   - - - 
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Appendix I. List of classes, orders, families, and common names of arthropods collected  in S13, E13, and 
S08 stands in Beauregard Parish, LA during the avian breeding seasons of 2014 and 2015. 
Class Order Family Family Common Name 
Arachnida Araneae  Amaurobiidae hacklemesh weaver 
Angelenidae funnel spider 
Anyphaenidae ghost spider 
Clubionidae sac spider 
Corinnidae ground sac spider 
Cybaeidae soft spider 
Ctenidae wandering spider 
Dictynidae mesh web spider 
Filistatidae crevice weaver 
Gnaphosidae ground spider 
Linyphiidae sheetweb, dwarf spider 
Lycosidae wolf spider 
Miturgidae prowling spider 
Oxyopidae lynx spider 
Philodromidae running crab spider 
Pisauridae nursery web spider 
Salticidae jumping spider 
Sicariidae recluse spider 
Tetragnathidae long-jawed orb weaver 
Theridiidae cobweb spider 
Thomisidae crab spider 
unknown  
Opiliones  Phalangiidae harvestmen 
Sclerosomatidae desert harvestmen 
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Appendix I Continued.  
Class Order Family Family Common Name 
Arachnida Scorpiones Buthidae scorpion 
unknown  
Scolopendromorpha  Scolopendridae large centipede 
Trombidiformes Anystidae whirligig mite 
Trombiculidae chigger 
Chilopoda Geophilomorpha  unknown  
Diplopoda Julida Parajulidae millipede 
Polydesmida Paradoxosomatidae flat-backed millipede 
Insecta Blattodea Blattidae cockroach 
Ectobiidae wood cockroach 
Coleoptera  Anthicidae antlike flower beetle 
Attelabidae leaf rolling weevil 
Boridae conifer bark beetle 
Burprestidae metallic wood-boring beetle 
Cantharidae soldier beetle 
Carabidae ground beetle 
Cerambycidae longhorn beetle 
Chrysomelidae leaf beetle 
Curculionidae weevil 
Elateridae click beetle 
Geotrupidae earth-boring scarab beetle 
Hybosoridae scavenger scarab beetle 
Lampyridae firefly 
Limnichidae minute marsh-loving beetle 
Melandryidae false darkling beetle 
Mordellidae tumbling flower beetle 
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Appendix I Continued.  
Class Order Family Family Common Name 
Insecta Coleoptera Phyllophaga may beetle, june bug 
Scarabaeidae scarab beetle 
Scirtidae marsh beetle 
Silphidae carrion beetle 
Silvanidae silvanid flat bark beetle 
Strategus ox beetle 
Tenebrionidae darkling beetle 
Tetratomidae polypore fungus beetle 
Trogidae hide beetle 
Trogossitidae bark-gnawing beetle 
Zopheridae ironclad beetle 
unknown  
Diptera Agromyzidae leaf miner fly 
Asilidae robber fly 
Calliphoridae blow fly 
Cecidomyiidae gall or wood midge 
Chironomidae midge 
Culicidae mosquito 
Dolichopodidae longlegged fly 
Empididae dance fly 
Hippoboscidae louse fly 
Muscidae house fly 
Phoridae scuttle fly 
Rhagionidae snipe fly 
Sarcophagidae flesh fly 
Syrphidae hoverfly 
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Appendix I Continued.  
Class Order Family Family Common Name 
Insecta Diptera Tabanidae horse fly 
Tephritidae fruit fly 
Tipulidae crane fly 
unknown  
Hemiptera  Aphididae aphid 
Caliscelidae piglet bug 
Cercopidae spittlebug 
Cicadellidae leafhopper 
Lygaeidae seed bug 
Nabidae damsel bug 
Reduviidae assassin bug 
Hymenoptera  Andrenidae mining bee 
Apidae cuckoo, carpenter, digger, bumble, and honey bees 
Berytidae stilt bug 
Bethylidae aculeate wasp 
Braconidae braconid wasp 
Cephidae stem sawfly 
Chrysididae cuckoo wasp 
Colletidae pasterer, masked bee 
Crabrionidae apoid wasp 
Cynipidae gall wasp 
Eulophidae chalcid wasp 
Eurytomidae alfalfa seed chalcid 
Formicidae ant  
Halictidae sweat bee 
Megachilidae leaf-cutter bee 
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Appendix I Continued.  
Class Order Family Family Common Name 
Insecta Hymenoptera Mutillidae velvet ant 
Pelecinidae American Pelecinid Wasp 
Pompilidae spider wasp 
Scoliidae scoliid wasp 
Sphecidae thread-waisted wasp 
Thynnidae thynnid wasp 
Tiphiidae tiphiid wasp 
Vespidae yellowjacket, hornet, paper wasp 
Xiphydriidae xiphydriid wood wasp 
unknown  
Lepidoptera Crambidae crambid snout moth 
Noctuidae owlet moth 
Notodontidae prominent moth 
Nymphalidae brush-footed butterfly 
Sphingidae sphinx moth 
unknown  
Mantodea Tenodera praying mantis 
Neuroptera  Chrysopidae green lacewing 
Odonata Calopterygidae damselfly 
unknown  
Orthoptera Acrididae short-horned grasshopper 
Gryllidae cricket 
Gryllotalpidae mole cricket 
Rhaphidophoridae camel cricket 
Tettigoniidae katydid 
unknown  
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Appendix I Continued.  
Class Order Family Family Common Name 
Insecta Psocoptera unknown  
Siphonaptera  unknown  
Thysanoptera  Phaleothripidae tube-tailed thrips 
Trichoptera  unknown  
Zygentoma  Lepismatidae common silverfish 
Malacostraca Isopoda  Armadillidiida Pillbug 
unknown   
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Appendix II. Common names, scientific names, and alpha codes of all avian species detected in S13, E13, 
and S08 stands in Beauregard Parish, LA during 2014 and 2015 breeding seasons. 
Order Family Common Name Scientific Name Alpha Code 
Galliformes Odontophoridae Northern Bobwhite Colinus virginianus NOBO 
Phasinidae Wild Turkey Meleagris gallopavo WITU 
Columbiformes Columbidae Mourning Dove Zenaida macroura MODO 
Cuculiformes Cuculidae Greater Roadrunner Geococcyx californianus GRRO 
Yellow-billed Cuckoo Coccyzus americanus YBCU 
Caprimulgiformes Caprimulgidae Common Nighthawk Chordeiles minor CONI 
Charadriiformes Charadriidae Killdeer Charadrius vociferus KILL 
Cathartiformes Cathartidae Turkey Vulture Cathartes aura TUVU 
Accipitriformes Accipitridae White-tailed Kite Elanus leucurus WTKI 
Cooper's Hawk Accipiter cooperi COHA 
Red-shouldered Hawk Buteo lineatus RSHA 
Broad-winged Hawk Buteo platypterus BWHA 
Red-tailed Hawk Buteo jamaicensis RTHA 
Piciformes Picidae Red-headed Woodpecker Melanerpes 
erythrocephalus 
RHWO 
Red-bellied Woodpecker Melanerpes carolinus RBWO 
Northern Flicker Colaptes auratus NOFL 
Pileated Woodpecker Hylatomus pileatus PIWO 
Falconiformes Falconidae American Kestrel Falco sparverius AMKE 
Passeriformes Tyrannidae Great Crested Flycatcher Myiarchus crinitus GCFL 
Eastern Kingbird Tyrannus tyrannus EAKI 
Scissor-tailed Flycatcher Tyrannus forficatus STFL 
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Appendix II Continued.   
Order Family Common Name Scientific Name Alpha Code 
Passeriformes Vireonidae White-eyed Vireo Vireo griseus WEVI 
Yellow-throated Vireo Vireo flavifrons YTVI 
Red-eyed Vireo Vireo olivaceus REVI 
Corvidae Blue Jay Cyanocitta cristata BLJA 
American Crow Corvus brachyrhynchos AMCR 
Hirundinidae Tree Swallow Tachycineta bicolor TRES 
Barn Swallow Hirundo rustica BARS 
Paridae Carolina Chickadee Poecile carolinensis CACH 
Tufted Titmouse Baeolophus bicolor TUTI 
Sittidae Brown-headed Nuthatch Sitta pusilla BHNU 
Troglodytidae House Wren Troglodytes aedon HOWR 
Carolina Wren Thryothorus ludovicianus CARW 
Polioptilidae Blue-gray Gnatcatcher Polioptila caerulea BGGN 
Turdidae Eastern Bluebird Sialia sialis EABL 
Wood Thrush Hylocichla mustelina WOTH 
Mimidae Gray Catbird Dumetella carolinensis GRCA 
Brown Thrasher Toxostoma rufum BRTH 
Northern Mockingbird Mimus polyglottos NOMO 
Bombycilladae Cedar Waxwing Bombycilla cedrorum CEDW 
Parulidae Kentucky Warbler Geothlypis formosa KEWA 
 Hooded Warbler Setophaga citrinia HOWA 
 Pine Warbler Setophaga pinus PIWA 
 Prairie Warbler Setophaga discolor PRAW 
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Appendix II Continued.   
Order Family Common Name Scientific Name Alpha Code 
Passeriformes Parulidae Yellow-breasted Chat Icteria virens YBCH 
Emberizidae Eastern Towhee Pipilo erythrophthalmus EATO 
Bachman's Sparrow Aimophila aestivalis BACS 
Cardinalidae Summer Tanager Piranga rubra SUTA 
Northern Cardinal Cardinalis cardinalis NOCA 
Blue Grosbeak Passerina caerulea BLGR 
Indigo Bunting Passerina cyanea INBU 
Painted Bunting Passerina ciris PABU 
Icteridae Eastern Meadowlark Sturnella magna EAME 
Brown-headed Cowbird Molothrus ater BHCO 
Orchard Oriole Icterus spurius OROR 
Baltimore Oriole Icterus galbula BAOR  
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Appendix III. Total detections per bird species in S13, E13, and S08 stands in Beauregard Parish, LA during 
the 2014 and 2015 breeding season.  
  S13   E13   S08   Total 
Species 2014 2015   2014 2015   2014 2015 
 
2014 2015 
Northern Bobwhite 20 34 
 
26 46 
 
3 21 
 
49 101 
Wild Turkey 1 0 
 
1 0 
 
0 0 
 
2 0 
Mourning Dove 45 27 
 
18 12 
 
36 33 
 
99 72 
Greater Roadrunner 0 0 
 
0 0 
 
0 1 
 
0 1 
Yellow-billed Cuckoo 0 0 
 
0 1 
 
0 2 
 
0 3 
Common Nighthawk 0 4 
 
1 4 
 
1 0 
 
2 8 
Killdeer 0 0 
 
1 0 
 
0 0 
 
1 0 
Turkey Vulture 0 0 
 
0 0 
 
0 2 
 
0 2 
White-tailed Kite 0 1 
 
0 0 
 
0 0 
 
0 1 
Cooper's Hawk 0 0 
 
0 0 
 
1 0 
 
1 0 
Red-shouldered Hawk 0 0 
 
0 0 
 
2 0 
 
2 0 
Broad-winged Hawk 0 0 
 
0 1 
 
6 0 
 
6 1 
Red-tailed Hawk 1 1 
 
0 0 
 
0 0 
 
1 1 
Red-headed Woodpecker 31 31 
 
4 0 
 
1 0 
 
36 31 
Red-bellied Woodpecker 0 3 
 
0 1 
 
1 0 
 
1 4 
Northern Flicker 0 4 
 
2 0 
 
0 0 
 
2 4 
Pileated Woodpecker 1 0 
 
0 3 
 
0 7 
 
1 10 
American Kestrel 12 1 
 
1 0 
 
0 0 
 
13 1 
Great Crested Flycatcher 0 0 
 
0 0 
 
1 0 
 
1 0 
Eastern Kingbird 13 23 
 
0 0 
 
0 0 
 
13 23 
Scissor-tailed Flycatcher 1 0 
 
2 0 
 
0 0 
 
3 0 
White-eyed Vireo 0 0 
 
6 14 
 
4 18 
 
10 32 
Yellow-throated Vireo 0 0 
 
1 0 
 
0 0 
 
1 0 
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Appendix III Continued.             
  S13   E13   S08  Total 
Species 2014 2015   2014 2015   2014 2015  2014 2015 
Red-eyed Vireo 0 0 
 
0 1 
 
1 3 
 
1 4 
Blue Jay 0 0 
 
3 0 
 
2 0 
 
5 0 
American Crow 1 0 
 
17 23 
 
36 23 
 
54 46 
Tree Swallow 0 0 
 
3 4 
 
0 2 
 
3 6 
Barn Swallow 1 0 
 
0 1 
 
0 0 
 
1 1 
Carolina Chickadee 0 0 
 
0 1 
 
3 2 
 
3 3 
Tufted Titmouse 0 0 
 
0 4 
 
2 1 
 
2 5 
Brown-headed Nuthatch 0 0 
 
0 0 
 
0 1 
 
0 1 
House Wren 0 0 
 
0 3 
 
0 0 
 
0 3 
Carolina Wren 0 1 
 
7 17 
 
21 32 
 
28 50 
Blue-gray Gnatcatcher 0 0 
 
0 0 
 
0 1 
 
0 1 
Eastern Bluebird 10 9 
 
0 1 
 
0 0 
 
10 10 
Wood Thrush 0 0 
 
0 0 
 
5 2 
 
5 2 
Gray Catbird 0 1 
 
2 2 
 
0 5 
 
2 8 
Brown Thrasher 0 6 
 
24 16 
 
2 4 
 
26 26 
Northern Mockingbird 11 26 
 
54 19 
 
10 1 
 
75 46 
Cedar Waxwing 0 0 
 
0 32 
 
0 0 
 
0 32 
Kentucky Warbler 0 0 
 
0 3 
 
0 1 
 
0 4 
Hooded Warbler 0 2 
 
2 7 
 
6 15 
 
8 24 
Pine Warbler 0 0 
 
0 1 
 
0 1 
 
0 2 
Prairie Warbler 0 8 
 
5 16 
 
102 57 
 
107 81 
Yellow-breasted Chat 2 2 
 
66 111 
 
197 99 
 
265 212 
Eastern Towhee 0 6 
 
4 13 
 
51 64 
 
55 83 
Bachman's Sparrow 1 6 
 
0 0 
 
5 0 
 
6 6 
Summer Tanager 0 0 
 
0 0 
 
2 0 
 
2 0 
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Appendix III Continued.             
  S13  E13  S08  Total 
Species 2014 2015   2014 2015   2014 2015  2014 2015 
Northern Cardinal 0 0 
 
38 54 
 
33 53 
 
71 107 
Blue Grosbeak 13 30 
 
37 47 
 
6 22 
 
56 99 
Indigo Bunting 0 36 
 
166 133 
 
46 48 
 
212 217 
Painted Bunting 0 1 
 
18 12 
 
1 1 
 
19 14 
Eastern Meadowlark 97 135 
 
2 0 
 
0 0 
 
99 135 
Brown-headed Cowbird 0 0 
 
0 0 
 
4 2 
 
4 2 
Orchard Oriole 0 12 
 
13 6 
 
0 0 
 
13 18 
Baltimore Oriole 0 0   0 2   0 0   0 2 
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